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FOREWORD

This FY 1978 Annual Progress Report is a general review of research
activities of the U. S. Army Medical Research Institute of Infectious
Diseases, Fort Detrick, Frederick, MD, conducted on Medical Defense Against
Biological Warfare Agents (U) under Projects 3M162776A841 and 3M161102BS03
and In-House Laboratory Independent Research, Project 3A161101A91C.

In conducting the research described in this report, the investiga-
tors adhered to the "Guide for Laboratory Animal Facilites and Care," as
promulgated by the Committee on the Guide for Laboratory Animal Care of
the Institute of Laboratory Animal Resources, National Academy of Sciences-
National Research Council. The facilities are fully accredited by the
American Association for Accreditation of Laboratory Animal Care.
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PROGRAM OVERVIEW

Research programs of the U.S. Army Medical Research Institute of In-
fectious Diseases (USAMRIID) are targeted toward: (a) infectious illnesses
which pose special problems to our military forces; (b) medical defense
against biological warfare (BW); and safe study of infectious, highly dan-
gerous microorganisms in our unique and special containment facilities.

During FY 1978, the research programs followed the revised priorities
established during FY 77, which emphasized studies on some of the most
virulent and pathogenic microorganisms known. Based upon agreements
reached with the Center for Disease Control (CDC) and the new priorities,
USAMRIID initiated work this year with Lassa fever (LAS) and Congo-Crimean
hemorrhagic fever (C-CHF) viruses, the bacterial agent causing Legionnaires'

disease and the anthrax bacillus. Laboratory containment suite modifica-
tions were begun to permit the safe, simultaneous handling of all of these
organisms, as well as with the start of FY 79, the generally lethal Ebola
and Marburg viruses.

USAMRIID and U.S. Navy researchers became involved in an unexpected
1977-1978 outbreak of Rift Valley fever (RVF) which occurred for the first
time in history throughout Egypt. Because there were thousands of cases,
with hemorrhagic disease, encephalitis and blindness as complications, and
the occurrence of many human deaths, additional emphasis was placed on in-
house studies of RVF virus, diagnostic methods and viral chemotherapy. In
addition, industrial production through contract was stepped up and given
first priority to produce 300,000 doses of a new RVF vaccine. USAMRIID is
the only known source of human vaccine against RVF. Since it is quite
possible that RVF could spread into other middle eastern countries, the
problem has potential military medical importance.

Work continued on other high priority organisms, including Machupo
virus (the etiologic agent of Bolivian hemorrhagic fever, BHF), as well as
Korean hemorrhagic fever (KHF) virus and botulism. These organisms all

possess significant BW potential, may be lethal for man and present impor-
tant safety problems. USAMRIID is one of the few laboratories in the free
world where such agents can be studied with minimum risk to laboratory
personnel and no risk to the surrounding environment. The goal is to de-
velop safe and effective vaccines or toxoids for these highly dangerous,
but poorly understood, diseases. Work in pathogenesis and immunogenesis

continued to support vaccine development.

Second-order priorities included studies on dengue-i (DEN-l), Japanese
B encephalitis (JE), Argentine hemorrhagic fever (AHF), Chikungunya (CHIK)
and Venezuelan equine encephalomyelitis (VEE). Toxin studies continued
with bacterial exo- and enterotoxins. New diagnostic capabilities were
developed, as were new treatment methods for viruses, bacteria and their
toxins. Rickettsial studies continued on exogenous tick-borne spotted,
epidemic typhus and Q fevers. The organisms or toxins in this priority
are also dangerous for man, possess significant BW potential and pose spe-
cial safety problems at an intermediate order of magnitude. Third-order
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priorities included studies on western and eastern equine encephalitis
(WEE and EEE), melioidosis and tularemia.

Reactivation of the USAMRIID human studies program in FY 77 was fol-
lowed this year by an increased number of human trials addressing both
USAMRIID and Walter Reed Army Institute of Research (WRAIR) research goals.
The new Medical Research Volunteer Subject (MRVS) project replaces the old
"Project Whitecoat." Each specific human protocol must undergo extensive
scientific, safety and ethical review within the Institute and at higher
command levels before final approval is given. In other important pro-
gress regarding human studies this year, USAMRIID's clinical facilities
were upgraded further for safely caring for patients with rare, highly con-
tagious diseases and for supporting such care with diagnostic, microbiolo-
gic and clinical laboratory tests. In addition, an agreement was reached
with CDC to accept their potentially contagious patients in transfer for
diagnostic studies and treatment at USAMRIID. A similar agreement is be-
ing negotiated with Plum Island Animal Disease Center, U.S. Department of
Agriculture, where studies with RVF will begin in early FY 79.

Specific statements on USAMRIID progress are included under a number
of headings.

Clinical Studies. Clinical studies performed during FY 78 included
those on new experimental vaccines in volunteers, long-term, phase-Ill
tests of the existing experimental vaccines being used to protect labora-
tory personnel, collaborative work with WRAIR and the National Institutes
of Health (NIH), and, finally, clinical care of persons admitted to our
high-containment suite as patients suspected of having been exposed to a
highly dangerous, infectious microorganism.

Major areas of clinical research included 2 vaccine trials in volun-
teers with an inactivated Rocky Mountain spotted fever (RMSF) vaccine and
an initial trial in phase-I testing in volunteers of a live, attenuated
dengue-2 (DEN-2) vaccine. The latter study was performed in collaboration
with investigators from WRAIR, where the vaccine was developed. A major
clinical study also involved the first systematic nontherapeutic evalua-
tion in volunteers of human transfer factor; this was conducted in coope-
ration with investigators from the National Institute of Allergy and In-
fectiou Diseases.

The phase-Ill testing of a large number of experimental vaccines was
continued in laboratory workers of USAMRIID and other collaborating insti-
tutions. These vaccines were administered primarily for the safety of
"at-risk" laboratory workers and included the following vaccines: live,
attenuated VEE (TC-83), inactivated EEE, WEE and phase II Q fever, live,
Ft'enuated tularemia (LVS), inactivated RVF and CHIK and polyvalent botu-
linum toxoid. Additional assessment studies performed on both TC-83 VEE
vaccine and killed TC-83 vaccine (C-84) suggested that a combination of
both vaccines should be used for future protection of personnel. Initial
VEE vaccination will be performed with live TC-83; booster vaccinations
with C-84 will be given to those individuals whose anti-VEE titerl either
do not reach, or fall below, values deemed to be protective. This proce-
dure will improve the safety and efficacy of the procedure.
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The unique USAMRIID isolation facility for hospitalization of pa-
tients was used on several occasions during FY 78. Two USANRIID investi-
gators were hospitalized following potential exposure to Machupo virus
and both were given prophylactic treatment with hyperimmune anti-Machupo
human plasma. In neither instance was there ever evidence of an actual
infection. These unique facilities were also used for 2 laboratory
workers transferred from CDC and a Peace Corps worker from Africa, who
each had been suspected of being exposed to LAS virus. Again, illness
did not develop.

Important new safety measures were taken during FY 78 to upgrade the
abilities of USAMRIID to handle highly contagious patients. These efforts
included acquisition of additional Trexler-type containment equipment de-
signed to care for a hospitalized patient within a specially constructed,
plastic isolator module containing its own independent air supply and fil-
tration system. Orders were placed to acquire additional modules for hos-
pitalized patients and modules for transport of contagious patients in
aircraft or ambulances.

To further the safe care of highly infectious patients at USAMRIID,
facilities were set aside and a training program established to permit
clinical laboratory and microbiologic samples to be handled and assayed
under the strictest forms of containment using pressurized plastic suits
with filtered air supply. In addition, a building modification program
was initiated to upgrade the unique ward facilities to permit care of pa-
tients by hospital personnel who will be dressed in similar protective
suits.

Vaccine Development. The development of new vaccines constitutes a
major requirement in the USAMRIID research mission; the major aspect of
this program dealt with attempts to create new vaccines against important
viruses, with emphasis on arenaviruses that produce highly lethal hemor-
rhagic fevers. The viral vaccine program also included new studies on
RVF virus, more work to create an attenuated DEN-l vaccine, and continued
efforts to improve vaccines for the alphaviruses, including VEE, WEE, EEE
and CHIK.

Attempts to develop a potent inactivated BHF vaccine in a certifiable
substrate continued to be frustrated by low yields of virus antigen and
difficulties in obtaining consistent virus inactivation. Alternative ap-
proaches to existing virus inactivation procedures were studied by con-
tracts, in an effort to resolve this problem. On the other hand, in an
exciting breakthrough, the attenuated strain of Junin virus (virulent
strains of which cause AHF) was found to protect monkeys and laboratory
rodents against both AHF and BHF infections. Since the attenuated Junin
virus has already been used in 600 human recipients in Argentina, addi-
tional studies with it are planned. Another approach has been to examine
the immunizing potential of subunit polypeptides obtained from arenavi-
ruses. Both glyco- and nucleoprotein subunits of Pichinde and lethal Ma-
chupo viruses were obtained through fractionation and purification. When
used as vaccines, these purified subunits protected animals against homo-
logous virus challenge.
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Similar studies were then initiated with RVF virus; again, appropri-
ate growth, purification, concentration and radiolabeling techniques al-
lowed for the identification of 3 major subunits, 2 of which were glyco-
proteins. These will now be tested for immunogenicity. The strains of
RVF virus collected in 1977 and 1978 in Egypt, were compared with older
isolates and shown to have comparable antigenic markers. This indicated
that the newly produced vaccines should protect equally well against all
strains of RVF virus.

Studies with selected clones of the DEN-I virus were continued and
additional tests were developed to identify virulence "markers" to permit
selection of an avirulent virus subpopulation that could be used as a
human vaccine. A major breakthrough in this regard was the development
of a new method to detect low-titer viremia in monkeys. The absence of
viremia in subhuman primates may eventually turn out to be the optimal
"marker" available for selecting a vaccine candidate appropriate for
human use.

In another fundamental breakthrough with respect to development of
safe vaccines, it was found that hydroxylapatite column chromatography
could be used to separate physically alphaviruses on the basis of differ-
ences in virion surface charge. This permitted large numbers of virus
strains of EEE, VEE and WEE to be differentiated and separated from each
other. This new capability may permit the selection of single, nonhete-
rogeneous populations of a virus which can then be used for experimental
vaccine development. This chromatrographic technique is being applied to
another alphavirus, CHIK, and may work as well for RVF virus and perhaps
even for the arenaviruses.

Initial studies commenced on development of vaccines against melioi-
dosis and Legionnaries' disease.

Another important facet of the vaccine development program includes
the need for highly standardized, carefully monitored laboratory animal
data when experimental vaccines are initially tested. USAMRIID programs
have been developed to do this. The requirement for extensive record-
keeping and quality control animal measurement data is essential so that
acceptable and complete data can eventually be submitted for approval to
support the value of a new vaccine prior to its initial testing in man.

Vaccine Adjuvant Studies. A portion of vaccine development research
has been devoted to the study of potential adjuvants that could improve
the immunogenicity of marginally effective vaccines. Adjuvants selected
for applied study emphasized those with a potential for being approved for
use in man. These included two interferon-inducers, lysine-stabilized
poly(I).poly(C) [poly(ICLC)l and an analog of the drug tilorone-HCl.
Other adjuvants included dialyzable leukocyte extracts, biodegradable oil-
water emulsions and muramyl dipeptide.

In the studies on tilorone analogs or poly(ICLC), an adjuvant-vaccine
combination significantly enhanced resistance in mice against all test
virus infections when compared to control mice receiving vaccines without
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adjuvant. Similarly, a lipid emulsion given with VEE vaccine was effec-
tive in both mice and monkeys on the basis of both enhanced resistance to
virus challenge and development of higher serum neutralizing antibody
titers.

In more basic studies, the experimental adjuvants were compared to
the effects achieved with Freund's complete adjuvant, which, although it
is not safe for use in man, has long acceptance as being the most potent
product available for enhancing the immunogenicity of weak antigens in
animals. In these comparisons, Freund's adjuvant was found to potentiate
both cellular and humoral primary immune responses, whereas muramyl dipep-
tide in oil appeared to improve the primary cell-mediated immune re-
sponses, but potentiated only anamnestic humoral responses to inactivated
VEE antigens.

Immunologic Responsiveness Studies. Another sizable portion of the
in-house program involved studies to determine how immune responses can
be measured and manipulated in order that efficacious safe vaccines can
be developed. These studies included investigations into the relative
efficacy of experimental vaccines administered via different routes, Lhe
responsiveness of cell-mediated immune mechanisms to vaccines or infec-
tion, the effects of "selective" and general immunosuppression (such as
that produced by acute irradiation), the immunologic functions of macro-
phages and lymphocytes and the production of immune complexes in plasma.

Because BW defensive measures must consider the exposure of troops
via an aerosol, research was conducted to determine optimal immunologic
methods for generating protective immunity on mucosal surfaces throughout
the respiratory tract. These included studies of aerosol immunization to
tularemia via the lungs and airborne infections with JE in monkeys and
mice, and Pseudomonas pseudomallei (melioidosis) infections in mice and
hamsters. Mice surviving an initial infection with JE were solidly pro-
tected against rechallenge, but neither killed virus vaccines nor passive
administration of immune serum protected them. Aerosol infections also
produced lethal melioidosis in hamsters and squirrel monkeys. Initial
studies suggested that some protection against respiratory melioidosis
could be provided by killed cell vaccines.

To evaluate cell-mediated immunity, comparisons between leukocyte-
adherence inhibition and macrophage-migration factor tests were followed
during tularemia infection in mice. Other studies in mice identified,
through Mishell-Dutton assays, the extent of participation of B- and T-
lymphocytes and macrophages in response to vaccination with either live
or killed tularemia vaccines. Methods were also devised to quantitate
delayed hypersensitivity reactions and to detect the magnitude of "sup-
pressor" or "helper" functions of different transfused lymphocyte popula-
tions in mice inoculated with the live, attenuated tularemia vaccine,
LVS. Protection against highly virulent tularemia organisms appeared to
require both T- and B-lymphocyte activity. In other studies, the partici-
pation of cell-mediated immune mechanisms was examined in nude mice, be-
cause of their congenital lack of thymic functions. This approach was
especially valuable in attempting to determine why some of the arenavi-
rus infections were capable of producing delayed lethal encephalitis.
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Studies using nude mice led to the conclusion that lethal encephalitis
caused by Tacaribe virus was immune-mediated and dependent upon the pre-
sence of intact functioning T-lymphocyte mechanisms.

Methods were developed to study the production of immune complexes
in the circulation following the exposure of immunized or nonimmunized
animals to virulent microorganisms. This new approach uses isotachopho-
resis to identify the complexes through their patterns of migration in an
electrical field.

Additional basic work was conducted to define the role of lympho-
cytes and macrophages in immune mechanisms. A series of novel studies
defined for the first time the physical and chemical requirements for
lymphocyte chemotaxis under in vitro conditions. Lymphocytes migrating
between agarose and glass layers were attracted by gradients of chemotac-
tic factors, which differed chemically from those known to attract poly-
morphonuclear leukocytes.

Because some anti-inflammatory agents may affect the induction of im-
munity through their cytoskeletal effects, 2 cytoskeletal probes (cytocha-
lasin-A and colchicine) were used to define the role of cellular micro-
filaments and microtubules in regulating lymphocyte movement through lymph
nodes and during cell cooperation actions and recirculation throughout the
body. It was also shown that high endothelial cells of lymph node venules
could remove antigen-receptor complexes from the surfaces of recirculating
lymphocytes without damage to the lymphocytes. The "scrubbing" process
was postulated to be of value in exposing new receptors wiiich rendered the
lymphocytes more responsive to subsequent antigenic stimulation.

Studies of macrophage function continued to use cells collected from
the pulmonary alveoli of cynomolgus monkeys during respiratory infection.
The IV administration of the drug, glucan, prior to an aerosol exposure
to an infectious organism was found to exert a nonspecific stimulating
effect on the monocyte-phagocyte system; this treatment materially re-
duced mortality during intracellular infections, such as tularemia in
rats. Mechanisms were developed for studying the detailed function of
macrophage organelles following bacterial phagocytosis. The mannose-rich
capsule of tularemia organisms was found to be important in allowing the
organisms to be destroyed within macrophages. However, these phagocytic
cells were capable of taking up virulent tularemia organisms whether or
not their mannose-rich capsule had been removed.

Still other immune responses were studied in animals whose immune
system had been suppressed. Suppression studies associated with high
doses of whole-body irradiation were limited during FY 78 because the
USAMRIID high-voltage X-ray source could no longer be repaired; it is
being replaced. In other suppression studies, cyclophosphamide treatment
given prior to immunization of animals with various types of vaccines was
used in an effort to abolish humoral antibody responses, while at the
same time allowing cell-mediated immune functions to be preserved, or even
potentiated if these were being repressed by blocking antibodies. When
treated with cyclophosphamide, animals showed a loss of protection when
challenged with VEE virus, unchanged protection against tularemia, but
enhanced protection against Q fever and tick-borne spotted fever.



Pathogenesis Studies. Pathogenesis studies in animal infe-tions are

needed to test new vaccines, diagnostic techniques and therapeutic mea-
sures. During the year, USAMRIID attempted to create suitable model in-
fections in laboratory animals for Legionnaires' disease, KHF, LAS, C-CHF,

RVF and arenavirus infections less dangerous than LAS, i.e., Pichinde and
Tacaribe. In searching for a model, especially for such a difficult
disease to study as KHF, a large variety of common and rare laboratory
animals were tested, including some (cotton rats, vesper mice and voles)
which are not available commercially and must be bred in-house. Such stu-

dies also call for different subhuman primate species as well as inbred
strains of the more common laboratory animals.

Emphasis has also continued on defining the unique pathogenic pat-
terns of illness produced by aerosolized organisms, including bacterial

broncho- and lobar pneumonias, and the study of viruses, such as JE, which
appear capable of entering the central nervous system from the nasal mu-
cosa via olfactory nerves traversing the cribriform plate.

Additional studies were conducted to define some of the physiologic
and biochemical responses that accompany infectious diseases. These in-
cluded body fluid and electrolyte shifts in yellow fever and the hepato-
renal failure which may accompany various infections. This work has been
strengthened by development of computerized techniques for collecting and
recording data from many on-going simultaneous physiologic measurements.
Biochemical studies included additional work to define the mechanisms
used to provide metabolizable energy for the infected host and to charac-

terize the role of the liver in producing the large variety of new
"acute-phase reactant" serum glycoproteins and hepatic metallothioneins

during a variety of different infections.

Diagnostic Studies. Diagnostic studies covered several different

areas. A major new research thrubt was initiated to establish and main-
tain immunologically based diagnostic capabilities for a wide variety of
virus diseases of special importance to the USAMRIID medical defense pro-
gram. These new approaches involved development of improved fluorescent

antibody (FA) technology, radioimmunoassay (RIA) methods, enzyme-linked
immunoabsorbent assay (ELISA), and chemiluminescent-immunoassay tech-
niques, all of which are being compared with each other and to the more
time-consuming microbiologic techniques, e.g., plaque neutralization
tests, which can be employed to provide validation for each new method.
Spot tests on microscope slides for FA identification of a large number
of viruses were prepared, standardized and tested for safety. Addition-
al slides to test for new viruses are currently being developed both
in-house and under contract.

Unique new aspects of diagnostic work included confirmation of the
reliability of the FA technique for diagnosis of KHF. Serum specimens
obtained from nephroso-nephritis patients in 3 Scandinavian countries
were positive with KHF antigen, providing important new evidence that

the two diseases are linked, or identical. Tissue culture growth of KHF
virus was achieved for the first time. There were also initial break-

throughs showing that RIA and ELISA had great usefulness for virological
diagnosis. The ELISA has been applied to bacterial organisms and toxins;

it appears to provide more rapid method for diagnosis of Legionnaires'
disease.
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A major accomplishment was the development of a fully contained P4-
level diagnostic laboratory, previously described in Clinical Studies.
This included the training of personnel necessary to permit all diag-
nostic microbiologic and clinical laboratory samples to be handled and
processed in fully contained biological safety laboratories, with in-
vestigators and technicians working in total-body positive-pressure
safety suits.

Additional approaches in the diagnostic area included further stu-
dies to determine if changes in chemiluminescence or the biochemical com-
position of white blood cells or platelets could be used as early indica-
tors of the presence of an infectious disease. Further progress was made
on computerizing the various diagnostic approaches of a biochemical nature
to determine if patterns might emerge which would be of greater value than
changes in single parameters. Finally, a new technique using isotachopho-
resis was developed to permit the isolation of immune antigen-antibody com-
plexes from serum that might be of diagnostic value.

Therapy Studies. Therapy studies involved important new work on an-
tiviral compounds against unique, highly dangerous viruses. Work conti-
nued on the use of aerosolized antibiotics in pulmonary infections and me-
tabolic and physiologic approaches for providing supportive therapy. The
latter need is especially important during overwhelming infections, in-
cluding those complicated by disseminated intravascular coagulation (DIC)
or hepatorenal failure.

A dramatic achievement was the discovery that ribavirin was effective
in animal models for treatment of such dangerous infections as those
caused by arenavirus hemorrhagic diseases, RVF and possibly yellow fever.
Earlier work with poly(ICLC) continued and new studies were introduced to
determine if antioxidant drugs had value in infections due to lipid-con-
taining viruses; the major emphasis wa placed on studying the therapeutic
effectiveness of ribavirin. While ribavirin was previously shown to have
prophylactic efficacy, the major new finding showed that it was effective
even though treatment was not begun until after the onset of clinical ill-
ness due to Machupo virus in monkeys and guinea pigs, RVF infection in
mice and hamsters, and to a limited degree, yellow fever in monkeys. Work
is on-going to determine the localization of ribavirin within tissues and
the molecular mechanism of its antiviral activity within cells. In addi-
tion, arrangements were made to obtain new analogs of it that might cross
the blood-brain barrier.

Studies to extend knowledge in the areas of aerosol therapy with anti-
biotics indicate that pulmonary concentrations of drugs, such as kanamycin,
can reach therapeutic levels without dangerous accumulation in the kidneys.
Aerosol therapy was more effective against bronchopneumonia in animal mod-
els than against frank lobar consolidation.

Since antimicrobial agents are not available for all lethal infec-
tions, continued emphasis was placed on improving metabolic and physiologic
support and correction of imbalances. It was possible to control many of
the infection-induced abnormalities in amino acid, protein, carbohydrate,
insulin, free fatty acid, and ketone metabolism during experimental infec-
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tions by therapeutic administration of appropriate metabolic substrates.
Studies are underway to control hepatorenal failure by using hemoperfusion
techniques and correction of salt and water imbalances.

The catastrophic complication of DIC during a variety of bacterial,
viral and parasitic infections was approached with a protease inhibitor,
aprotinin, as a drug to influence the kinin system. Studies in monkeys
were conducted to determine the pharmacokinetics of aprotinin during ex-
perimentally induced infection and to determine its effects on blood
clotting mechanisms.

Bacterial Toxin Studies. Studies included those on botulinum neuro-
toxins, anthrax toxins, several staphylococcal enterotoxins, cholera and
Shigella spp. enterotoxins, diphtheria exotoxin and Pseudomonas exotoxin
A and exoenzyme S.

In a major new program, effort was initiated to produce an improved
multivalent botulinum toxoid, with excellent progress being made. Repre-
sentative, previously used strains of toxin-producing organisms were ob-
tained. Initial efforts began with neurotoxin A and were highly success-
ful, allowing for production of sufficient volumes of culture to permit
extraction and purification by modern chemical techniques of milligram
quantities of the neurotoxin. Modern technology was used to toxoid this
into a safe and immunogenic vaccine. A program was initiated to collect
many liters of high-titer human antibotulinum plasma from individuals who
previously had been immunized repeatedly with polyvalent botulinum toxoid.
Approval by the Army and the Food and Drug Administration was obtained to
use this investigational human hyperimmune botulinum plasma for therapy of
acute botulism if this should become necessary. In addition, arrangements
were made under contract to convert large quantities of the plasma into
hyperimmune botulinum immunoglobulin.

Studies on anthrax toxins and protective immunogens had been at a
virtual standstill for at least a decade. During FY 78, USAMRIID entered
this field in an attempt to produce a more effective immunogen which
could be used in man. The currently available vaccine is a crude filtrate
which requires 18 mon for the primary vaccination series. Anthrax orga-
nisms produce at least 3 poorly characterized exoproteins: protective an-
tigen, edema factor and lethal factor. It is necessary to reestablish
methodology to culture selected strains, in order to produce sufficient
exoprotein to allow for the eventual differentiation, purification and

toxoiding by modern techniques.

Much basic work was accomplished in defining the secondary and terti-
ary structures of staphylococcal enterotoxin B (SEB) and its component
peptides, and in comparing them with comparable portions of SEA and SEC I
enterotoxins so as to define which portions of the protein molecules were
immunogenic and which caused toxicity. In addition, a capability for se-
quencing proteins was established. Initial steps were taken to ascertain
the correct amino acid sequences of SE toxins, with emphasis on SEC1 and
the dermatolysins. In other basic work, the mechanism used by staphylo-
cocci to excrete their exoprotein toxins was shown to depend upon the
fatty acid composition of external membranes. Evidence was also obtained
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that a proteinase was required to release the toxin into the culture
medium.

The mechanism of action of SEB was studied with respect to the ex-
change and loss of fluid across the intestinal mucosa of the rabbit. A
potential breakthrough in therapy emerged, when it was shown that SEB
could be taken up and bound by activated charcoal. Initial attempts were
then made to utilize this concept in hemoperfusion studies which would
allow toxin in the blood stream to be removed during extracorporeal cir-
culation through a charcoal filter. Exploratory physiologic studies were
also performed to determine if either cholera or Shigella enterotoxins
were toxic following exposure by parenteral or aerosol route, rather than
the usual gastrointestinal route.

Progress was made in defining the nature of Pseudomonas exotoxins.
Additional studies for laboratory scale production and purification of
Pseudomonas exotoxin A were made, with toxoiding mechanisms being developed;
the resultant toxoid provided partial protection against Pseudomonas
infection in burned mice; there was little protective efficacy in burned,
infected rats. Attempts to purify another Pseudomonas exoprotein,
exoenzyme S, yielded initial successes. Major advances were made in stu-
dying the specific toxic mechanism of action of Pseudomonas exotoxin and
the closely related diphtheria exotoxin. In vitro studies in cultured
cells employed radioactively labeled exotoxin molecules to demonstrate for
the first time that specific cellular receptors exist for each of these
exotoxins. The presence of a specific cellular receptor is necessary to
allow the toxin to enter a susceptible cell. The demonstration that such
receptors exist on susceptible cells has already been followed by identi-
fication of drugs which prevent the binding of toxins to cells, thus obvi-
ating toxin entry and lethal action. In closely related, equally novel
work, both diphtheria and Pseudomonas exotoxins have been conjugated with
either ferritin or colloidal gold in order to visualize these receptors on
cells by electron microscopy.

Rickettsiology Research. Rickettsiology studies emphasized continu-
ing attempts to improve or evaluate rickettsial vaccines. Other research
involved pathogenesis studies by light and electron microscopy in order
to elucidate the nature of the earliest stages of the vascular endothelial
lesions which characterize many rickettsial diseases.

Q fever studies proceeded along 3 paths: additional data were ga-
thered from monkeys to evaluate the relative efficacy of the inactivated
phase I Q fever vaccine, prior to initial testing in man. These tests
used a newly standardized cynomolgus monkey model in which the disease
closely resembles the illness seen in man, including interstitial pneu-
monia and hematologic, physiologic and immunologic responses. Additional
attempts were made to isolate purified components of Coxiella burnetii
in hopes of identifying specific components that might be highly immu-
nogenic and effective in preventing Q fever, without having the undesir-
able side-effects of the existing phase II vaccine. Soluble phase I an-
tigens of C. burnetii were treated with various enzymes, including pro-

teinase, lipase or lysozyme, with the last producing an immunogen which
appeared to exhibit reduced reactogenicity. A third line, involved the
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infection of athymic, nude and normal euthymic control mice with small-
particle aerosols of C. burnetii. Euthymic mice recovered rapidly and
cleared rickettsiae from peripheral blood and spleen within 14 days; immu-
nodeficient nude mice showed continued presence of rickettsiae for at
least 60 days. This finding adds to the evidence concerning the importance
of cell-mediated immunity in host resistance to Q fever.

Additional studies of the new RMSF vaccine were conducted in volun-
teers (see Clinical Studies). In addition, studies in laboratory animals
w(!re continued to produce broadly protective vaccines against all varie-
ties of rickettsial spotted fevers. Studies in guinea pigs showed that
our RMSF vaccine prepared for human use was protective against virulent
strains of Rickettsia rickettsii obtained from diverse geographical areas.
Cross-protection studies were conducted in guinea pigs and mice relative
to the immunologic similarities of Rickettsia: rickettsii, conorii, sibi-
rica and akari. Although none of these species produces lethal illness
in guinea pigs, they each induce cross-protection against the others, as
evidenced by prevention of a febrile response. This type of cross-protec-
tion was afforded BALB/c mice infected with R. rickettsii, R. conorii or
R. sibirica which subsequently resisted infection with normally lethal R.
akari.

In a final aspect of immunization studies against spotted fevers, 2
additional approaches were used. Soluble immunogenic antigens derived
from suspensions of whole rickettsiae were found to protect laboratory
animals. Limited success was achieved in attempting to use a relatively
avirulent organism, Rickettsia montana, as a live vaccine.

Since spotted fever rickettsiae produce vascular lesions, studies
were conducted using light and electron microscopy to demonstrate the
earliest changes in endothelial cells in infected tissue culture cells or
in the vascular endothelial cells of arteries obtained from guinea pigs.
As an alternative approach, a chick embryo model was used to study the
earliest lesions in vessels of allantoic membranes. In each instance, the
rickettsiae were always present. In the egg, vascular lesions appeared
before the embryo was immunologically competent and before proteins of the
complement and coagulation systems had developed. These data, in combina-
tion, suggest that vascular lesions can best be explained by direct effect

of the rickettsiae. In one final area, the methodr used successfully to
produce a whole-organism spotted fever vaccine from tissue culture were
extended to Rickettsia prowazekii to determine if an improved epidemic ty-
phus vaccine could be prepared. This new vaccine was at least as effica-
cious as the presently available commercial product. Further tests are
planned to compare these products in subhuman primates.

Summary

This brief review of the USAMRIID progress during FY 1978 illus-
trates the success of a multidisciplinary approach in fulfillment of the
mission of the Institute.
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BODY OF REPORT

Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 001: Evaiuation of Experimental Vaccines,
Prophylaxis and Therapy in Man for BW
Defense Against Infectious Diseases of
Special Military Importance

Background:

This work unit is a consolidation of the work unit (A841 00 021)
entitled "Evaluation of Prophylaxis and Therapy of Infectious Diseases
in Man" with this one. The combination of the 2 results in a compre-
hensive research effort to develop, test and utilize experimental
vaccines, antimicrobial drugs, hyperimmune plasma and special medical
isolation procedures in man for BW defense against infectious diseases
of special military importance. The new Army program of Medical Re-
search Volunteer Subjects (MRVS), which replaces the old Project
Whitecoat Program, has made important clinical studies involving human
volunteers available again at the Institute.

Progress:

A. Vaccines

Rocky Mountain Spotted Fever. As noted in last year's annual report
a revised protocol (Med. Div. Protocol No. 77-2), "Proposal for the
Clinical Evaluation of a Two Vaccination Schedule of Inactivated Rocky
Mountain Spotted Fever Vaccine (IND 862) (Diluted 1:3)," was approved
by the Clinical Studies Branch, National Institute of Allergy and In-
fectious Diseases, NIH, and funding was received enabling work to begin
in late September 1977 for selection of volunteers. Ten (9 MRVS and 1
staff member) were picked and after giving fully informed consent, re-
ceived a preliminary medical and serological examination. Each of the
volunteers was in good health and serologically negative for RMSF.
Each volunteer received 0.5 ml of the vaccine SC 28 days apart. There
were no local nor systemic reactions and no untoward effects in any of
the laboratory parameters followed. By fluorescent antibody techniques
(FAT), 9 of the 10 individuals demonstrated an increase in titer. How-
ever, the magnitude of the titer was not equal to that seen in either
the natural disease or in previously immunized individuals who had only
a 1:10 dilution of vaccine, but were not antigenically naive. Micro-
agglutination (MA) titers, however, revealed an increase in all 10
volunteers, although again the response was not comparable to those
responses seen in naturally acquired disease; titers are presented in
Table 1.
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TABLE I. PROJECT FY 77-2

RECIPROCAL TITER

IDENTIFICATION SAMPLE DATE FA MA

R.S. 9/30/77 8 2
10/27/77 8 2
11/23/77 64 8
1/5/78 32 16

W.V. 10/27/77 8 2
11/23/77 32 2
1/5/78 32 16

M.C. 9/30/77 8 0
10/27/77 8 4
11/23/77 64 8
1/5/78 256 8-16

J.F. 9/30/77 8 0
10/27/77 8 4
11/23/77 8 8
1/5/78 8 16

T.C. 10/27/77 8 2
11/23/77 32 4
1/5/78 64 32

S.M. 9/30/77 8 2
10/27/77 8 4-8
11/23/77 8 8
1/5/78 16 8

J.G. 10/27/77 8 4
1/5/78 64 16

J.N. 10/27/77 8 4

11/23/77 8 4
1/5/78 32 8-16

R.M. 9/30/77 8 2
10/27/77 8 2
11/23/77 8 8
1/5/78 8 16

D.K. 9/30/77 8 0
10/27/77 8 2
11/23/77 32 8
1/5/78 64 16
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Because of the immunogenic response elicited by the vaccine at a
1:3 dilution, a new protocol (Med. Div. Protocol No, 78-4), "Proposal
for the Clinical Evaluation of a Two Dose Schedule of Inactivated Rocky
Mountain Spotted Fever Vaccine, Undiluted (IND 862)," was written and
submitted for approval to test the vaccine undiluted, This protocol
was approved by the Division Chief's review, USAMRIID Human Use Com-
mittee review, the Scientific and Human Use Review Committee of the NIH
and The Surgeon General's Office. Ten MRVS have been selected, the
initial studies performed and the first immunization given. There were
no systemic or local reactions with the first immunization. At this
time there are no titers available.

Rift Valley Fever. Rift Valley Fever (RVF) (Med. Div. Protocol No.
78-1), "Evaluation of the Human Response to the Administration of Rift
Valley Fever Vaccine, Formalin-Inactivated, Tissue Culture Origin,
NDBR 103, Lots 1-6 (IND 365)". Because of increased demands for vaccine
for use in the treatment of epidemics of RVF, the need arose to test those
lots of vaccine (Lots 1-5) which had not been used previously in clinical
trials. A protocol was designed in accordance with the previously ap-
proved RVF protocol submitted in 1969 to the Army Investigational Drug
Review Board (&IDRB). This protocol was approved by the Division Chief
review and USAMRIID Human Use Committee. Two informed members of the
Institute staff received 0.1 ml of each of Lots 1-5 of RVF vaccine. When
no ill effects were observed, a group of 5 informed volunteers from the
professional staff of USAMRIID each received 0.5 ml of 2 lots on a sched-
ule so that each lot was given to 2 individuals, but no individual received
the same 2 lots. After 10 days with no ill effects noted, a group of 21
MRVS were selected, randomly placed in groups of 3 and each group assigned
to one of the RVF vaccine Lots 1-5 and Lot 6, Runs 1 and 2. Each volun-
teer was begun on the standard immunization schedule of 3 injections of
1 ml each given on days 0, 10 and 28. Appropriate clinical and sero-
logical studies were carried out to determine the safety and immunologic
response of Lots 1-5 compared to Lot 6 which has had extensive clinical
use. Safety testing indicated the lots were identical with respect to
reactogenicity. None of the volunteers experienced any local or systemic
reaction.

In direct comparison testing utilizing the pre-immunization and day
35 sera, serologic results were comparable for all groups based on com-
parison with Lot 6-2, utilizing a PRN50. Lots 1 and 2, as well as Lot

6, Run 1 gave PRN80 and PRN50 titers of > 1:1280 by day 35, a response
that was also seen with Lot 6-2. Lot 3, while giving a PRN50 response

of > 1:1280, gave a PRN8 0 response of only 1:640. Serologic testing on
Lots 4 and 5 was invalidated due to cell contamination and is scheduled
to be repeated.
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Dengue Fever. (DEN-2), Med. Div. Protocol No. 78-2, "Evaluation
of Human Response to the Administration of Dengue Virus Vaccine (Type
2), Live, Attenuated," (IND 1257), was initiated on 3 March 1978. This
vaccine trial utilized a vaccine developed by a WRAIR group and was
done in conjunction with them. In the initial part of the project, 2
fully informed staff volunteers from the WRAIR with a high degree of
competence in virology received the vaccine. During the 14 days of
inpatient care on the project ward there was no evidence of reaction
to the vaccine. By day 12 of the study both volunteers had leuko-
penia with an increase in lymphocytes. In one, this was accompanied
by fatigue, slight photophobia, but no other systemic signs. After
a period of 5 days the WBC count returned to normal. Virus was re-
covered from the blood of the volunteers during this period of leuko-
penia and both volunteers developed significant antibody titers.

In the second part of the study 4 fully informed volunteers from
the WRAIR professional staff, each with a high degree of competence
in virology, received the vaccine. Each volunteer underwent a com-
plete history and physical examination and base-line biomedical
studies. Each volunteer had previously been screened for hepatitis-
B surface antigen and PRN titers to DEN-l, -2, -3 and -4 virus types.
Volunteers were confined on the clinical research unit for 3 days
prior to immunization, at which time each volunteer received another
physical examination and was questioned in detail about potential
exposures prior to arrival on the research ward. Base-line biochem-
ical and virological studies were repeated. Each of the volunteers
received 0.5 ml of vaccine SC, which contained - 4 x 105 PFU of virus.

Volunteers were followed for 10 days as inpatients and for another
11 days as outpatients. Each volunteer was questioned about symptoms
of headache, myalgia, eye pain, fever, chills, nausea, vomiting,
diarrhea, abdominal pain, epistaxis or melena. Volunteers were also
examined for evidence of rash, petechiae, local and general aden-
opathy, abdominal tenderness, hepatomegaly, splenomegaly and con-
junctival suffusion. Inoculation sites were examined for evidence
of edema and erythema. One volunteer reported 48 hr of mild fatigue,
but developed no other signs or symptoms, nor did he develop leuko-
penia. This one volunteer was found, in retrospect, to have had a
probable dengue infection in the past. One volunteer had a mild
headache for - 36 hr on days 9-10. Although this volunteer had
short, early leukopenia, in addition to the expected decrease sub-
sequently, his base-line white counts were lowest of the group. One
volunteer developed headache, myalgia and a low-grade fever on day
12 in addition to an erythematous, macular rash which persisted for
5 days. Leukopenia appeared on day 14. The fourth volunteer
developed signs and symptoms warranting readmission for observation.
The volunteer developed fever of 1020F, headache, photophobia and

fatigue. He was hospitalized for 3 days during which time he had
one day of leukopenia. A full battery of bacterial cultures re-
vealed no growth in blood or urine and normal flora in the throat
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and stool. Viral isolations on HEK, HIR-21 and RMK cells, and in eggs
and mice were all negative. During the 3 days of hospitalization all
s.igns and symptoms resolved except the fatigue. He did not develop a
rash.

To summarize the project, including all 6 volunteers, the follow-
ing information is given:

The most common symptom was a headache occurring in 4 of 6
volunteers. In one subject with a local reaction, the headache
occurred on day 3, lasting only a few hours and may have been related
to over-exercise. Three of the volunteers experienced headaches on
days 10-13. In one of these 3, headache was an isolated finding,
while the other 2 had both fever and other symptoms. Fatigue was the
next most common complaint, although this occurred on days 12-15. The
fatigue coincides with the return to work after 2 weeks of isolation
and may be more physiologic than related to the vaccine. Mild photo-
phobia was reported in 2 of the volunteers on days 11-13. Myalgia
occurred in 1 volunteer on days 12-13, coinciding with fever and rash.
Nausea was reported by 1 volunteer on day 4 and it may have been re-
lated to dietary indiscretion. Of the 6 volunteers only 1 had any
reaction at the site of inoculation, 14-mm erythema. on day 2 and 5-mm
induration with 12-mm of erythema on day 3. By day 4 the induration
was gone and by day 5 there was no evidence of inoculation site reac-
tion. Five of the 6 volunteers developed leukopenia (defined as a
total WEC count < 4,000); WBC dropped in each on about day 10 and began
to increase on about day 16. In those individuals who developed fever,
leukopenia appeared about 24 hr after the onset of fever; 3 volunteers
developed fever, one with a temperature of 100OF at the time of his
local reaction and also on days 11-15. One individual developed fever
of 1020F which resulted in his being rehospitalized.

In summary, the first human DEN-2 vaccine trial has been completed;
3 individuals had either insignificant symptoms or none at all. One
individual had mild transient signs and symptoms, and a local reaction;
2 volunteers developed signs and symptoms of systemic dengue infection
not unlike mild, natural disease.

Venezuelan Equine Encephalomyelitis Vaccine, inactivated. Med. Div.
Protocol No. 77-1, Addendum-l, "Acceptability Study of Venezuelan Equine
Encephalomyelitis Vaccine, Inactivated, Dried, MNLBR 109, LOT NO. C-84-1,
IND 914," was outlined in the previous report. The original protocol
evaluated the response of 15 individuals who received 0.5 ml of the
inactivated vaccine; 7 of these received a booster of 0.5 ml 28 days
after the initial immunization. The following table summarizes the
neutralization titer data 2 weeks following booster immunization:
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TABLE II. SUMMARY OF VEE TITERS

RECIPROCAL TITER

Boosted Nonboosted
(n-7) (n-8)

640 <10
640 40
80 80

1280 10
320 20
160 <10
2560 40

20

A review of these titers demonstrates significant serologic re-
sponse to the vaccine, but not to the degree seen after natural dis-
ease or the live TC-83 vaccine. An additional Addendum-2 to 77-1
was written and submitted to gain approval to administer a 3rd
immunization to 4 of the previously boosted and 4 of those not boosted.
The additional immunization at 6 mon was sought to determine the poten-
tial to induce prolonged titers to VEE. The study was approved and 7
individuals (including one control) from the original project gave
informed consent and took part in the project. Serologic response to
this booster immunization is currently being evaluated.

B. Transfer Factor

A joint project between USAMRIID and NIATD, NIH, was begun with
Med. Div. Protocol No. 78-3, "Transfer of Cell-Mediated Immunity to
Microbial Antigens with Dialysable Leukocyte Extracts (Transfer
Factor)." The study was approved, 6 MRVS were recruited and the pro-
ject begun. Clinical evaluation and serologic responses are not yet
available and will be presented in a subsequent report.

C. Prophylaxis

Bolivian Hemorrhagic Fever (BHF) Globulin (IND 1114). Two USAMRIID
personnel were exposed to Machupo (MAC) virus, the etiologic agent of
BHF, when a plastic vial leaked material containing the virus. These
2 workers were admitted to the isolation unit of Ward 200 for observa-
tion and therapy. BHF hyperimmune globulin was administered to both
patients. Because of recurrence of a chronic, undiagnosed, pulmonary
disease in one patient, no additional BHF globulin was administered.
The second patient received 2 additional doses 5 days apart. The
dosage selected, 0.25 ml/kg globulin for an initial dose and 0.125 ml/kg
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for subsequent doses, was based upon experimental data in nonhuman
primates, which demonstrated this dosage to be well above the minimal
protective dose and below that at which the monkeys developed subse-
quent neurologic sequelae. After 17 days with no clinical appear-
ance of symptoms and no laboratory evidence of infection, the patients
were discharged. Subsequent follow-up has revealed no evidence of
illness, or sequelae from the administration of the hyperimmune glob-
ulin.

Lassa Fever (LAS). Two researchers from CDC were admitted to the
isolation facility at Ward 200 because of exposure to LAS virus. The
2 individuals had been sorting vials of viremic rodent sera when one
of the partially thawed vials came apart, splattering blood on the
chin and shirt of one investigator. Neither individual was wearing
protective clothing or suitable respiratory protection. The work was
not being done in a cabinet; it was the concensus that a significant
exposure had occurred. The exposed individuals were flown to Hagers-
town, MD from Atlanta, transferred by ambulance with protective clothing
and reverse respirators to the USAMRIID special isolation unit. Both
individuals presented with normal physical examinations and laboratory
values. Both individuals were given LAS immune plasma, 2 U on admission
and an additional unit 7 days later. Neither individual developed sig-
nificant signs or symptoms during hospitalization, which extended to
21 days postexposure. Virologic evaluation revealed no evidence of
LAS virus or replication in either individual, nor was there any evi-
dence of autonomous antibody production. The individuals involved
have been followed closely for a study of the rate of disappearance of
antibody levels and this study has continued after their discharge from
the isolation unit.

Med. Div. Protocol No. 77T-1, "Evaluation of WR 171,669 in the
Treatment of Multi-Drug Resistant P. falciparum" is complete. All in-
dividuals were followed with no recurrence of malaria and no related
medical problems.

Med. Div. Protocol No. 77T-3, "Rejuvenation, Preservation and
Characterization of the African (Uganda I) Strain of Plasmodium
falciparum" is essentially complete. No individual had recurrence of
malaria. There were no complications in 3 individuals; the 4th devel-
oped mononucleosis with mild liver dysfunction. Evaluation of this
problem is underway.

D. Summaries of Reports to AIDRB

VEE, Live, Attenuated, NDBR-102 (TC-83) (IND 142).

During the reporting period 26 immunizations were administered
with complete clinical and serological data available on each. Two
types of systemic reactions occurred: 4 individuals experienced mild

i li a ..... ...... ..... ii I I I .... ... I H -A
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reactions 24-48 hr after immunization, characterized by mild headache,
malaise and low grade fever in one individual. Two individuals ex-
perienced the more commonly seen systemic reaction at 6-8 days; these
late reactions consisted of malaise, myalgia and chills with 1 of the

2 experiencing low grade fever. No local reactions were noted and no
individuals werq hospitalized. This systemic reaction rate of 23% is
consistent with our previous experience as is the division of reactions
into 2 distinct clinical syndromes. All individuals immunized were
seronegative prior to immunization. Serologic data on the 26 indi-
viduals receiving primary immunization showed a conversion by HI titers
in 24 (92%). Of the 2 individuals who were HI-negative following im-
munization, one had a positive PRN titer. The policy of doing PRN
testing on HI-negative recipients, standard procedure at this time,
further illustrates the relative value of the 2 tests.

Q Fever Vaccine (Henzerling strain) (WRAIR; IND 229).

During the latest reporting period 32 individuals received immun-
ization with Q fever vaccine (Henzerling strain); 3 individuals ex-
perienced local reactions, 2 after the first injection and 1 after the
second. The pioduct is highly reactogenic and has led to an unaccept-
able incidence of local reactions, including sterile abscesses. For
this reason the material is not considered adequate for maintaining
booster immunizations in those people who have received a primary
series. Work continues in the further investigation of the phase I
vaccine at this Institute. Titers on those individuals immunized
are not available because the CF test at USAMRIID has been discon-
tinued.

EEE Vaccine, NDBR-104 (IND 266).

During the last reporting period 45 subjects completed primary
immunizing series of 2 doses of the EEE vaccine (0.5 ml SC) separated
by 28 days. There were no local or systemic reactions reported among
these individuals. Serologic data is available on 40 individuals:
34 (85%) had detectable HI titers 1 mon after the 2nd injection; 6
remained HI-negative, although one had a positive PRN titer.

One-hundred forty-one subjects were administered 0.1 ml ID as a
booster EEE immunization during the reporting period. Reactions were
limited to local erythema appearing within 20 min in 33 individuals
(23%) and delayed onset (24-48 hr) in 20 individuals (14%). Sero-
logic data are available on 136 of the individuals: 117 were sero-
positive prior to the immunization by HI testing; 19 (14%) were sero-
negative, although 14 (74%) converted after the ID booster. The re-
maining 5 remained HI-negative, although 2 were positive by PRN test.



22

E. Isolation.

In addition to these clinical cases requiring isolation in the
special isolation facilities of Ward 200, there were several individ-
uals admitted in various degrees of isolation for observation following
suspected illness or known exposure. The only other patient admitted
to the special isolation facilities was a 24-year-old, white, male
Peace Corps volunteer from Senegal, Africa, who after a 2-week history
of fever, headache and malaise was flown to the United States where
he was admitted to Walter Reed Army Medical Center. Following ad-
mission, he was transferred to USAMRIID and placed in the special iso-
lation unit. Within the first 36 hr of admission, the lack of antibody
response which would have been considered diagnostic of LAS in this
individual was confirmed by laboratory investigation. In all individ-
uals with LAS previously studied, there had always been an antibody
response by day 12-15. The patient remained in the special isolation
unit for another 36 hr, at which time there had been no evidence of
any viral etiology for his disease. Since the patient had been afebrile
and asymptomatic, he was transferred to the hospital ward with enteric
isolation. The patient was subsequently discharged after observation;
the exact etiology for his illness has not yet been confirmed.

Two individuals were hospitalized on Ward 200 on the open ward for
observation following separate incidences of exposure to DEN-I virus.
The first individual admitted was a laboratory worker who inadvertently
dropped a syringe of DEN-I virus on the floor, causing ejection of
liquid which reportedly splashed into the patient's eye. The patient
was confined to Building 1425 to avoid the hazard of introducing virus
into local mosquito populations. The second admission was an investi-
gator who accidentally stuck his finger with a syringe needle he was
using which contained DEN-I virus. He was admitted for observation
for 10 days. Blood studies identical to the experimental vaccine
protocol were carried out in both subjects. Neither individual devel-
oped any evidence of clinical infection.

Publication:

Ascher, M. S., C. N. Oster, P. I. Harber, R. H. Kenyon, and C. E.
Pedersen, Jr. 1978. Initial clinical evaluation of a new Rocky
Mountain spotted fever vaccine of tissue culture origin. J. Infect.
Dis. 138:21.7-221.

LA6
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BODY OF REPORT

Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 002: Enhancement of Host Resistance to Facultative
Bacteria

Background:

Our previous studies with murine tularemia (1, 2) described a model
system wherein adoptive transfer of immune splenocytes ensures survival of
nonimmune recipients against challenge with Francisella tularensis var.
tularensis (SCHU S5R). Specific protection against these fully virulent
strains appears to be antigen-dependent, requiring concomitant administration
of syngeneic immune splenocytes and homologous killed bacteria (Ag).
Treatment with either component alone may significantly delay dissemination
and replication of SCHU S5R organisms, but this interference with bacterial
growth results only in prolonged survival and does not reflect the

capability of the host to recover from infection. Resistance to lethal
challenge with virulent Eurasian strains (F. tularensis var. palaearctica),
however can be evoked either with Ag or syngeneic immune serum (IMS).

Depletion of immune cell populations by treatment with various
anti-leukocyte sera has failed to yield unequivocal evidence of the cell
type(s) required for effective control of SCHU S5R infections. Data from
the present studies indicate that a recently activated, fully competent
immune complex consisting of T- and B-lymphocytes and probably immune
macrophages is essential for protection against SCHU-type strains. The
immune cell requirement for protection against Eurasian strains is less
critical; the effective lymphocyte dose is 10-20% of that required for defense
against the SCHU strains.

Progress:

Protection against F. tularensis var. tularensis. Unlike our previously
reported findings, the present studies indicate that selected lots of IMS can
substitute for the Ag supplement in adoptive transfer of protection by immune
splenocytes to syngeneic nonimmune recipients. Splenocyte donor AKR/J mice
were immunized SC with 103 organisms of the live vaccine strain (LVS)
followed 28 days later by an IP booster of 106 LVS. Splenocytes (ISC1 0)
harvested 10 days postbooster were transferred IP to AKR/J recipients
(donor:recipient ratio, 1:1) 20 hr before - SC challenge with 25 SCHU S5R

organisms (25 LD50). Recipient and control groups were inoculated IP with
Ag or IMS (titer, 1:640) at time of ISC1 0 transfer. Single factor treatment
with ISCIo, IMS or Ag inhibited replication of challenge organisms in the

spleen, prolonged survival time but failed to prevent fatal infection

(Table I). The inhibitory effect was more pronounced in the IMS-control
group (P <0.01) than in Ag- or ISC10-control groups (P <0.05). Protection

against lethality occurred only if Ag or IMS were accompanied by ISC 1 0 .
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TABLE I. RECOVERY OF BACTERIA FROM SPLEENS AND SURVIVAL CAPABILITY

OF NONIMMUNE ISC10 RECIPIENT AKR/J MICE CHALLENGED WITH
F. TULARENSIS SCHU SSRa

RECIPIENT TREATMENT SURVIVORS

107 k LOG10 F. TULARENSIS/SPLEEN ON DAY (6 mice/group)
ISC 10 killed IMsb Mean

SCHU S4 4 5 6 7 10 12 No. death

time
(day)

+ - - 4.2 5.0 7.2 8.0 1 8.8

+ + - 3.5 3.1" 5.4* 5.5* 2.6 2.4 4 10.0

[+ +] - 4.3 5.3* 2.5 2.2 6*

+ - + 2.6 2.9* 5.1* 4.8* 4 14.0

- + - 5.5 5.8 8.3 8.2 0 7.7

- - + 3.4 4.5 5.5* 6.3* 0 9.8

- - - 7.6 8.0 8.4 0 5.8

Immune splenocytes (ISC1 o) transferred IP at a donor:recipient ratio of
1:1, 20 hr before challenge with 25 SCHU S5R organisms.

b Syngeneic hyperimmune antitularemia serum, titer 1:640; 0.25 ml IP/

recipient at time of ISCI0 transfer.

ISCio mixed with 107 killed SCHU S4 before transfer.

* P <0.01, compared to killed antigen alone and untreated.

A series of subsequent experiments confirmed these findings and
indicated that enhancement capability of IMS was reflected by its
agglutinating antibody (Table II). High-titer sera (1:320-1:640) that
effected enhancement were obtained at the height of secondary antibody
response, i.e., 15 days aiter LVS-immunized mice were administered a
30-day IP booster injection with 106 LVS or 103_106 SCHU S4 organisms.
Administration of a similar booster by the SC route failed to alter
antibody titer and the 15-day post booster sera had no protective efficacy.
Nonetheless, both high and low titer sera were equally effective for

inhibiting dissemination of challenge organisms. The serum titer
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probably serves merely as an index for the presence of protective activity;
ISC 1 o-Ag recipients with no measurable circulating antibody at time of
challenge with 25 LD5 0 survived as well as the ISC1o-IMS recipients that had
high titer circulating agglutinins from passively transferred IMS. The only
information, regarding the role of IMS, indicates that IMS is required for
efficient phagocytosis of F. tularensis by AKR/J macrophages but that
destruction of the bacteria occurs only in immune and not in nonimmune
macrophages (H. P. Hawley, Bacteriology Division).

TABLE II. COMPARISON OF ENHANCEMENT ACTIVITY OF HOMOLOGOUS KILLED ANTIGEN
WITH THAT OF LOW- OR HIGH-TITER SYNGENEIC IMMUNE SERA (IMS) ON

THE SURVIVAL CAPABILITY OF NONIMMUNE ISCI0 RECIPIENTS CHALLENGED
WITH F. TULARENSIS SCHU S5Ra

RECIPIENT TREATMENT NO. RECIPIENT PROTECTION + SEM

107 IMSb OF
Donor Killed TRIALS Mean % Mean Death
ISC SCHU S4 1:40 1:320-1:640 Survival Time - Days

. - - 12 0 + 0 5.9 + 0.1

+ - - - 9 3+1 8.1+0.2

- + - - 12 1 + 1 7.2 + 0.3

+ + - - 10 72 + 7 10.1 + 0.4

- - + - 4 4+4 8.8+0.5

+ - + - 6 17 + 7 9.2 + 0.2

- - - + 7 0+0 9.5+0.2

+ - - + 6 61 + 6 11.2 + 0.7

a Experimental conditions as described for Table I.

b Serum pools prepaged from blood obtained 15 days after a 30-day booster

dose of 103-i0 SCHU S4 or 106 LVS administered SC (titer 1:40 - 1:80)

or TP (titer 1:320 - 1:640).

C Groups of 6-10 mice/trial.

, L.. -, rII ..
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Various techniques were used to alter the relative concentrations
of cellular elements prior to transfer of ISC suspensions or of
splenocytes harvested 28 days after primary immunization (VSC). In
freshly harvested suspensions the predominant cell population consisted
of lymphocytes (94% + 1%); direct immunofluorescent reactions indicated
that 50-60% of ISC and VSC lymphocytes reacted with antithymocyte
serum (ATS). The monocyte-macrophage fraction constituted 6 + 1% of
ISC or 2 + 1% of VSC, while the granulocytic component was 0.8 + 0.9%
of ISC or 3 + 1% of VSC. Virtually all the mononuclear cells showed
direct immunofluorescent reactions with antileukocyte serum (ALS).

In vitro treatment with ATS, complement and DNAase removed 25-30%
of the original lymphocyte population, i.e., 50-60% of ATS-reactive
lymphocytes, had little effect on the monocyte-macrophage population,
and reduced but did not eliminate the capability of ISC to transfer
protection to syngeneic nonimmune recipients (Table III). In contrast,
treatment with ALS effecting essentially the same overall reduction in
lymphocytes and a 50-80% reduction in the monocyte-macrophage
population destroyed the transfer capability of ISC. These data
suggested that immune B-cells and/or immune monocyte-macrophages were
also essential for protection.

TABLE III. EFFECT OF TREATMENT OF IMMUNE DONOR SPLENOCYTES (ISC) WITH
RABBIT ANTIMURINE THYMOCYTE (ATS) OR ANTIMURINE LEUKOCYTE
SERUM (ALS) ON THEIR CAPABILITY TO TRANSFER PROTECTION a

ISC DONOR CELLS

Transfer Dose (x 107) NO. SURVIVORS/16
Treatment Lymphocyte Monocyte/macrophage

Normal rabbit 8.2 1.4 10
serum

ATS 6.2 1.4 6 *J
ALS 6.0 0.7 1

a ISC administered concomitant with 107 killed SCHU S4 organisms 20 hr

before challenge with 25 SCHU S5R.

P <0.01, y2-Yates correction. Comparison with normal rabbit serum
treatment group.

Removal of adherent cell populations (B-cells and macrophages)

from VSC and ISC suspensions was effected by incubation on, or passage

through, loosely packed glass wool. Approximately 90% of the B-

lymphocytes (i.e., reactive with rabbit antimurine Ig) were removed by
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slow passage through the column. Only 78 + 4% of the monocyte-macrophage
population adhered to glass wool but slow passage was as effective for their
removal as a 1-hr attachment time. Recovery values for viable unattached T-
lymphocytes decreased as incubation time increased; slow passage through the
column allowed recovery of essentially all T-cells, whereas 30-min incubation
resulted in approximately 25% loss and 60-min incubation, a 50% loss. In
every instance, treatment of the unattached population with ATS caused lysis
of 93-97% of the nonadherent cells.

At a donor:recipient ratio of 1:1, adoptive protection conferred by
nonadherent ISC generally was markedly inferior to that of the original
untreated population (Table IV). Even when the T-lymphocyte population was
recovered with no appreciable loss (slow filtration), nonadherent ISC
supplemented with Ag were significantly less protective than the original
suspension. Somewhat better protection was achieved if IMS rather than Ag
was used to supplement the nonadherent ISC transfer dose, suggesting that B-
lymphocytes were an essential component of untreated suspensions (Table V).
Experiments with VSC supported these findings. In a series of trials it was
found that: (a) adoptive protection with untreated VSC suspensions was
achieved only when relatively large numbers of splenocytes were transferred,
(b) nonadherent VSC were nonprotective at a donor:recipient ratio of 1:1
but conferred partial protection as the ratio approached 2:1, and (c) an IMS
supplement was as effective with VSC as with ISC suspensions.

TABLE IV. EFFECT OF REMOVAL OF ADHERENT LYMPHOCYTES ON THE CAPABILITY OF
ISC TO TRANSFER PROTECTION TO NONIMMUNE RECIPIENTS a

NO. IMMUNE DONOR SPLENOCYTES RECIPIENT
RTO A SURVIVAL

PROTOCOL TRIALS Treatmentb Mean Transfer Dose RATIO
X 107 ! SEM

Lymphocyte Monocyte/
Macrophage

A 3 None 10.5 + 1.2 1.1 + 0.1 17/24

Slow filtration 6.5 + 1.0 0.3 + 0.07 6/24*

B 3 None 10.9 + 1.1 1.0 + 0.3 21/28

60-min 3.6 + 0.3 0.2 + 0.11 1/28**
attachment

analysis, Yates correction; comparison with corresponding value for
untreated suspension. * P <0.05, ** P <0.001.

ISC transferred IP (donor:recipient, 1:1) concomitant with 107 killed
SCHU S4 organisms 20 hr before challenge with 25 SCHU S5R.

b ISC suspensions filtered slowly through, or incubated for 60 min on,

glass wool prior to transfer.

h.N
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Sp Oeells were harvested on day 6 and day 7-8 postchallenge from
chiiLleage-coutroi mice and from recipients of IMS or Ag alone or in
cobination with untreated or filtered suspensions of ISC or VSC.
i .cterial counts indicated that replication of F. tularensis was
suppressed through day 6 equally well in single-factor recipients of
IMS or untreated IS( or VSC and in protected or nonprotecteA multiple-
factor recipients, i.e., 10 -10 /spleen as compared with 10 /spleen in
Ag oc C:h i lenge-control groups. The F . ti la r e s i count remained

';.Ich, ,,','- p day 7-8 in protected gr-oup.s ut was sign ificaiit ly higher
S1 'o1r)- jn :noaprotected groups. belayed dissemination/replication

wo,,l be compatible with an increased efficiency of phagocytosis due
to. t, in' Ience of IMS or products from activated immune B-cells.
c, nt ls. d 'rtjai suppression of replication in protected groups
: U -"esrs interaction with immune do nor mac ophages, cells that are
emo,,ed by F iLtration through glass wool.

P Lo -ection ainst . tularensis var. PilacaIrtica. Eurasian and
"Orh I mrircan water-borne strains of F. illaren:is vary widely in
Vi 111,, for man and lagomorphs but are s infe'tious for mice

i t o I -ai;Fm) as the fully viru' lent '. lairensis var. tularensis.

,i virulence, however, can be de'.-cted in studies with mice
DV,, , n the relaLive efficacy of variou!n p- phylactic procedures

I Pa ssive administration of antibody was highly effective
;C ii(l p artially against 1) challenge with a strain of lesser

'' 25) but was only partiallv prot i iv against SC, and not at
1t -!.i P, challenge with a fully vhi-u oo Eurasian strain (503).

, 1 t~ijLeion of 109 killed organisms (Foshay antigen) administered
' r be'orc, SC challenge conferred specific protection against strain

'4"-l bit not against strain 503. More ntensi':e immunization with this
' i, ., cver, protected equally well against either strain 2 weeks

,- r immrunization. The immune response was inferior to that evoked

n .., r inrat ion with LVS as indicated by the inability of antigen-
-;n pomented a3plenocytes from Foshay-protected donors to prevent lethal
in1F(ti.on of nonimmune recipients. As was observed in studies with
,tc ',CHU 15 R. atrain, VSC and ISC in the absence of Ag supplement were
in~ iabh of transferring protection. Whien supplemented with Ag, a
< a' I V traiisfer dose injected 1) immediatel" before SC challenge
00 oto cod against 100 LD5 0 of strain 425, part ial]v against a similar
I. -' of 503 and not against 25 hD5 0 of strain SCHU S5R; similar
treat'ent with ISC was somewhat more effective against the SCHU

Ila] leng'e. In every instance requirements for defense appeared to be
].1Ist critical for strain 425, somewhat greater for strain 503 and most
:;tringent For triiin SCHU S5R.

Tiitrat ions of the transfer (lose for n treated VSC or 1SC
: perisona and for their nonadherent component s indicated that immune

1-. ':phoc ytcs and adherent monocy'te-macrophnag,'s were not essential for
prote2ction against strain 503 (Table VTF). The effective T-lymphocyte
dosc wi-s I )-20Z of that required for stidies with SCttU S5R.
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Overall, the data indicate that specific antibody with nonimmune
macrophages protects against a F. tularensis strain of relatively low
virulence (strain 425), and nonimmune macrophages in conjunction with
low numbers of specifically activated immune T-lymphocytes can protect
against a virulent Eurasian strain (strain 503). In contrast,
activated immune T- and B-lymphocytes and macrophages are required for
defense against the fully virulent North American strains (SCHU S5R).
Damage to immune T-lymphocytes (ATS treatment) or loss of adherent
immune cells (glass filtration) causes a marked reduction in defensive
capability. Specific antibody can substitute for adherent immune
B-cells but cannot restore full competence to a nonadherent splenocyte
population. A marked increase in the donor:recipient ratio is required
for nonadherent immune cells to achieve an effect equal to that of the
original immune population. The critical component lacking in
suspensions of nonadherent cells has not been identified, but the
effectiveness of stimulation with specific Ag suggests interaction
with a residuum of immune macrophages. The efficiency of ISC as
compared with VSC suspensions, the 20-hr interval between transfer and
challenge, and the enhancement by specific antigen point to a need
for a primed immune population to control the rapid replication of
fully virulent organisms. The significant suppression in bacterial
count effected by specific antibody may reflect a balance between
replication and destruction of infecting organisms whose processing
could result in production of primer material.

This project is now terminated. Further clarification of the
host defense mechanism must await development of satisfactory
techniques for adoptive transfer of immune macrophages and information
regarding their processing of organisms and the interaction of the
resultant products with other immune cells.

Publication:

Eigelsbach, H. T., and V. G. McGann. 1978. The genus
Francisella, In The Prokaryotes (Editors: M. P. Starr, H. Stolp,
H. G. Triper, A. Balows, H. G. Schlegel) Springer-Verlag, Berlin,
in press.
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Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 nO 003: Mechanisms of Inmunoprophvlaxis Against Aerosol-
Disseminated Respiratory Diseases

Background:

Francisella tularensis has long been considered a potential
respiratory pathogen in BW against our military forces (1). This
organism has also been well-characterized on the basis of aerosol
stability and virulence (2). Protection against airborne tularemia
ideally would be via immunoprophylaxis; much work has been reported on
the protective effect of parenteral vaccination against this disease.
Much more information is required, however, to define optimal methods
of vaccination to induce the most effective immune defense mechanisms

of the host, particularly against aerosol challenge. One approach in
recent years has been to deposit antigen locally in the respiratory
tract by intranasal (IN) instillation to stimulate local immunity,
e.g., local secretory antibodies or cell-mediated immunity (CMI).
Unfortunately, there is a paucity of data on how effective these "immune
responses" may be in protecting against subsequent aerosol challenge.
The research reported here describes initial experiments to study the

relationships between host immune responses and protection against
subsequent infections.

Progress:

Experiments were completed to determine the immunoresponsiveness of
inbred Fischer 344 rats to attenuated and virulent strains of F. tularensis.

The attenuated live vaccine strain (LVS) was administered by various
routes. the vaccinated animals subsequently were challenged with aerosols
of the fully virulent SCHU S4 strain. Early reference experiments showed
this rat to be reproducibly susceptible to aerosols of SCHU S4. Over
907 of the rats died in 5-12 days after aerosol exposure Lu 5 logs.
Another important aspect of these experiments compared the distribution
and persistence of LVS in selected tissues of the animals administered
the antigen by different methods. For aerogenic vaccination, rats were
exposed to small particle aerosols (SPA) of LVS, thus depositing the
antigen predominantly in the lung. Other rats, lightly anesthetized
with Ilalothane, were vaccinated with 500 jI of LVS given by either IP,
IM or SC inoculation or in a 20-p1 volume administered by IN instillation
(which is totally retained in the upper respiratory tract.) This was
determined in earlier studies using carbon black as a tracer system.
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Over all groups, the mean vaccination dose per animal was
5.7 log colony forming units (CFIT) of LVS (range 4.5-5.6)

The frequency of infection and concentrations of LVS in
selected tissues of the treated rats were measured from days
1-42 after vaccination. Rechallenge of these rats occurred on
day 42. The data in Table I depicts the LVS recoveries up to
assay day 14 only. LVS was recovered only rarely between 15 and
28 days. Data for control animals sham-vaccinated either IN or

with aerosols of sterile broth were all negative and are not
shown.

Relatively high lung concentrations (5.0 logs CFU) of LVS
were obtained from days 1-14 from 100% of the SPA animals. LVS

titers peaked to over 7 logs on day 3. At day 28, all lungs
were cleared of LVS and remained so through day 42 when the
animals were rechallenged with aerosols of SCHU S4. Most of the
IP vaccinated animals (89%) also had LVS in their lungs at day 1
but at lower concentrations than in the SPA group. Frequency of
infection in the IP rats diminished through 14 days (89 to 27%).
LVS was not isolated from the lungs of the IN, IM, and SC rats at
day 1, but 30-50% were positive on day 3, 60-100% on days 7-10.
LVS concentrations did not exceed 3 logs. Lungs of all assayed
animals were examined for histopathology, and the reaction of the
lungs to LVS infection was minimal. Some mild lung lesions
attributable to LVS were observed only for the SPA animals on day

7 when over 7 logs of LVS organisms were present.

While >6 logs of LVS were present 1n the spleen of 89% of the
IP animals on day 1, only about 3 logs of LVS were measured at
this time in the spleen of the IM rats and in 0-1 of the rats in
the SPA, IN and SC groups. From days 3-10, most of the vaccinated
animals had solid infections of the spleen but frequency of
infection was diminishing by day 14, and all spleens were cleared

of LVS by day 28. Again, the benign nature of the infection was
demonstrated with the observation of only mild splenitis in some
of the IP animals on day 7. Consistently higher levels of LVS
were observed for this group than for the other groups.

In general, the frequency and concentration of LVS recovered
froin a pool of the deep cervical and mediastinal lymph nodes were
similar from days 3-14 among the SPA, IN and IP groups and from
day 7 on among the IM and SC rats. Of interest here was the evidence
that the antigen administered in a 20-VI volume IN was not
aspirated into the lung, but was transported via the draining
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regional lymph nodes through the lymphatics and eventually to the lungs.
On day 3, all of the IN vaccinated animals had lymph nodes and
lungs positive for LVS. Again, as with the other tissues, the
lymph nodes for all vaccinated groups were cleared by 28 days.

Serum and bronchoalveolar wash (BAW) fluids were sampled
for LVS. Since transient LVS bacteremia was observed in only some
animals of the vaccinated groups, except for the IP group, the serum
LVS data is not shown in Table I. LVS was recovered from the serum
of 100% of the IP animals from days 1-3, indicating hematogenous
spread of the organism. For all groups, however, concentrations
of LVS did not exceed 2 logs CFU/ml of blood. The frequency
of LVS in BAW fluids was dependent on method of vaccination.
LVS was present in BAW fluid of all SPA animals through day 14 with
peak concentrations of >4 logs on day 3. LVS was isolated from
the BAW of 33% of the IP group days 3-10 to indicate extensive
systemic infection. In contrast, LVS was not recovered from BAW
of SC, IM and IN animals, except for one of the IN groups or,
day 10. These findings suggest lymphatic transport of the
organism when administered bv these 3 routes.

LVS agglutinin titers measured for the serum and the BAW
fluids are presented in Table I. Regardless of method of
vaccination serum antibody titers were first evident by day 7
with titers peaking by day 10 for all groups. Highest titers
(1:2030) were obtained for the IP group and were lowest for the
SC group (1:320). By day 42, titers for all groups decreased
to 1:80-1:240. BAT agglutinins were first deterted at day 7
among the SPA and IP groups, with low titers of - 1:20 on day 10
among IN animals (1:10). Agglutinins in BAW were no longer
measurable by day 14. No LVS agglutinins were detected at any time
in BAW fluids for the TM or SC group. The role of the BAN
agglutinins is not known at this time.

Immunoglobulin (Ig) levels were measured for the SPA, TN
and IP vaccinated groups using the Mancini radial immunodiffusion
assay procedures (data for the IM and SC groups are pending).
Serum IgM levels were significantly increased (P < 0.05) in the
SP and IP groups at 7 and I days compared to controls. At 14 days,
I1gM concentrations of all 3 vaccinated groups tested significantly
higher than sham-vaccinated controls. By day 28, IgM levels were
down to baseline values. IgM was detected also in the BAW fluids
of 50% of SPA rats and in 7% of the IP rats tested on day 7. None
of the IN rats showed IgM in BAW. IgM in BAW fluids have not been
observed previously; their significance on host immunity remains
to be determined. In either serum or BAN fluids, no increases
over baseline levels were observed for IgA or IgC.
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TABLE II. SERUM AND BAW AGGLUTININ TITERS IN LVS-VACCINATED RATS

ROUTE OF NO. RATS POSITIVE/NO. RATS ASSAYED' BY DAYS
VACCINATION FLUID 1 3 7 10 14 42

SPA Serum 0/ 7 0/ 9 14/14( 352) 9/9(1478) 14/14(628) 6/6(126)
BAW 0/ 3 0/ 3 4/ 6( 24) 2/3( 20) 0/ 6 0/6

IN Serum 0/10 0/10 11/15( 278) 7/9( 452) 20/20(666) 4/5(226)
BAW 0/ 3 0/ 3 0/ 6 1/3( 10) 0/ 6 0/5

.P Serum 0/ 7 0/ 7 12/12(1574) 5/5(2030) 11/11(878) 5/5(240)
BAW 0/ 3 0/ 3 1/ 3( 20) 0/3 0/ 6 0/5

it Serum 0/ 2 0/ 2 2/ 2( 905) 2/2( 905) 2/ 2(452) 2/2( 80)
BAW 0/ 2 0/ 2 0/ 2 0/2 0/ 2 0/2

SC Serum 0/ 2 0/ 2 2/ 2( 80) 2/2( 320) 2/ 2(226) 2/2( 80)
BAW 0/ 2 0/ 2 0/ 2 0/2 0/ 2 0/2

a Rcciprocal geometric mean agglutinin titer of positive animals in parentheses

Sham-vaccinated control rats and 5 groups of rats vaccinated by different
trhods were challenged with 5.3 log 1 CFU of virulent F. tularensis,

SC1IU S4 aerosols at 42 days. On days 2, 7 and 14 after aerosol challenge,
selected numbers of rats from each group were killed with a lethal
i-Jjection of phenobarbital and assayed (Table III).

All control rats appeared ill by 3 days after aerosol challenge with
94% mortality occurring between days 6 and 14 for the animals not killed
obtain response data. Even though high serum antibody titers were

zresent (1:1076), concentrations of 107 SCHU S4 were present in the lungs
of the control rats at 7 days and animals were dying of the infection.
-'is lack of correlation between serum antibody titers and organism
( ncentrations in the tissues has often been reported (3). Cellular
inmunitv is considered generally to represent the primary mediator of
Frotection against tularemia (4).

Although no vaccinated animals died or even appeared ill by 90 days
a ter aerosol challenge, pulmonary infection was not prevented in any
-ununized rats. However, peak levels of SCHU S4 organisms in the tissues

cf the vaccinated animals were at least 3 logs lower than those in controls.
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All vaccinated animals were protected against pulmonary pathology. No
lung lesions attributable to challenge were observed. mn any vaccinated
group. In contrast, all control animals showed pvo lranulomatous lesions
in the lungs.

Infection of lymph nodes after aerosol challenge, followed a pattern
similar to that of the SCHU S4-infected lung. This was expected,
as these regional lymph nodes drain and filter out organi:sms from the
upper and lower respiratory tract.

Infection of the spleens was prevented amone SPA and IP vaccinated
groups through 14 days, but not among the IM and SC rats. However,
the levels of SCIIU S4 were considerably lower in the latter 2 groups
than were seen in the spleens of control animals. Tularemic lesions
were observed only in spleens of controls. SCHU S4 organisms were
cleared from spleens of all vaccinated animals by day 14, but not from
controls. The lack of spleen infections among vaccinated animals
indicated that hematogenous spread of the chal]enge organism and,
therefore, a systemic infection was effectively prevented b% I'S
vaccination. In support of this contention is the fact that none of
the vaccinated animals had a bacteremia except for 2 unexplained IP
animals on day 7. All the challenged control rats had 3 logs of
circulating organisms on day 7.

Although SCHU S4 were recovered from the BAW fluids of all
challenged animals at day 2, their levels were considerably lower
in vaccinated groups than in controls. Except for some of the IP
group, SChUl S4 was cleared from all vaccinated animals by day 14,
suggesting the involvement of some local immunity. Note that for
animals vaccinated with aerosols of LVS, LVS were not eliminated from
the BAW fluids even 14 days after vaccination (Table I).

Also of interest in these studies of the immune response of the
rat to F. tularensis infection is the lack of an anamnestic humoral
antibody response in vaccinated animals following aerosol challenge.
No increase in serum titers of the vaccinated animals was observed
over the prechallenge titers measured on day 42. This was in contrast
to the high serum agglutinin titers obtained for the challenged control
animals in which >90% of these animals succumbed to challenge.
This again raises the question as to the role of the humoral antibody
in F. tularensis infections. However, with the rat model system,
comparative studies can be pursued with immune, nonimmune,
immunosuppressed and perhaps even immunopotentiated animals to further
evaluate the relative importance of humoral, local and cell-mediated
immunity to respiratory tularemia specifically and respiratory
diseases in general.
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Project No. 3MI62776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 004: Properties and Clinical Therapy Application
Studies of Transfer Factor

Background:

An important role has been assigned to cell-mediated immune (CMI)
responses as a determinant of protective resistance in certain infectious
diseases and cancer. Recent advances in assays have made it possible
to assess the CMI responses of humans and experimental animals to
microbial vaccines alone or in combination with host specific and
nonspecific immunomodulators. This project addresses the role of CMI
in certain animal model infections which employ infectious challenges
as end-points. In addition, studies in man test the effects of
dialyzable transfer factor (TF) on delayed-type hypersensitivity (DTH)
reactions to microbial antigens.

Progress:

Studies on the significance of alterations of CMI in a mouse tularemia
model have led to several interesting conclusions. Administration of
killed vaccine in combination with any one of several potent adjuvants
results in the development of DTH reactivity equivalent to that seen in
convalescent recipients of live, attenuated tularemia vaccine. The
former animals, however, are fully susceptible to virulent challenge
whereas the latter are completely protected. One hypothesis for the lack
of efficacy of killed vaccine in protecting mice is that suppressor cells
which are generated in the course of immunization interfere with the full
expression of CMI responses (1). We have used the immunosuppressive drug,
cyclophosphamide (CY), to ablate selectively this suppressor cell activity
and find only a slight increase in resistance of mice so prepared. We
conclude that suppressor activity, although present, has very little
biological significance in limiting the efficacy of killed vaccine in
tularemia and that other factors such as nonspecific macrophage activation
are probably more important determinants of active resistance than
specific CMI in this model.

The selective nature of the immunosuppression produced by CY is such
that animals pretreated with one large dose of CY and immunized develop
vigorous DTH and CMI reactivity in the absence of both suppressor B cells
and circulating antibody activity for a period of time. Using this
technique we have now conclusively shown that the protective factor in
immunization with VEE virus vaccine is antibody. This is based on studies
in mice and guinea pigs in which animals with intense DTH and CMI are
fully susceptible to infection when the antibody component of the immune
response has been ablated by CY. This is the first direct demonstration of
the role of antibody in this infection employing the tool of selective
immunosuppression by CY and settles a confusing issue (2. 3).

1 Mimi.
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2. Ascher, M. S. Modulation of cell-mediated immunity to
microbial vaccines. Presented, Johns Hopkins University Immunology
Council, Baltimore, MD. 8 Mar 1978.
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Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 006: Immunochemical Studies With the Nonindigenous
Tick-Borne Rickettsiae

Background:

Included among the tick-borne rickettsial diseases are Rocky Moun-
tain spotted fever (RMSF), the tick-borne rickettsiosis of the eastern
hemisphere, and rickettsial pox (1). RMSF, caused by Rickettsia
rickettsii, found in the United States, is the most severe of these
diseases. Rickettsia conorii, the etiological agent of fievre
boutonneuse, South African tick bite fever and Indian and Kenyan tick
typhus, causes a severe nonfatal infection, and is prevalent throughout
parts of Europe, Africa and the Mediterranean basin. North Asian tick-
borne typhus of Russia and Mongolia (Rickettsia sibirica) also causes
a severe nonfatal infection. Queensland tick typhus (Rickettsia aus-
tralis) is a moderately severe tick-borne infection found in Australia,
and rickettsialpox (Rickettsia akari) is a relatively benign mite-borne
infection found in the United States and Russia. Due to the possibility
of potential military traffic in selected geographical areas, R.
rickettsii, R. conorii, R. sibirica should be considered of military
concern. Neither R. australis, due to its geographical isolation, nor
R. akari, due to low virulence and incidence, is of military significance.

A chick embryo cell culture-grown vaccine against R. rickettsii was
prepared (2), and is under test in man. A prototype vaccine prepared
from R. rickettsii and R. conorii was evaluated in guinea pigs and found
to offer protection against the militarily significant spotted fever
members. In concert with vaccine preparation, evaluation of immune
responses to vaccination and infection is under investigation. Such
studies in mice are presently focused on R. akari infection, which is
lethal without "toxic action" (3).

Elucidating the genetic basis for varying degrees of natural
resistance to infectious diseases is an area of increasing interest.
Such resistance is important not only when animal models are developed
to test the presumptive pathogenesis of a disease in man, but as a key
to why an animal is susceptible to a particular disease. There appears
to be a relationship between susceptibility of mice to a lethal rickettsial
challenge and their genetic background. Studies have been initiated in
mice using R. akari to explore such a genetic basis for susceptibility.

Progress:

A study was performed to determine whether our chick embryo cell
(CEC)-grown RMSF vaccine protects against R. rickettsii of diverse

>'!
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geographical origin. Guinea pigs were vaccinated and challenged
30 days later with yolk sac-grown rickettsiae. All strains of R.
rickettsii had been isolated from human cases of RMSF. Protection
was determined as a function of decrease in areas under fever curve.
Results (Table I) indicate that our vaccine protects against all
tested strains.

TABLE I. PROTECTION FROM STRAINS OF R. RICKETTSII OF DIVERSE
GEOGRAPHICAL ORIGIN AS A FUNCTION OF IMMUNIZATION WITH
LOT I CEC-GROWN RMSF VACCINE.

PROTECTION

GEOGRAPHICAL NON-VACCINATED
CHALLENGE STRAIN ORIGIN VACCINATED CONTROLS

Hansen Montana +a -

Cape Cod Massachusetts + -

Gladys Hill Virginia + -

Swann Montana + -

Sheila Smithb  Montana + -

a. + = protection, - = no protection
b. Strain used for vaccine preparation

Since R. conorii has military significance due to its wide
geographical distribution, immune responses to infection in guinea
pigs were examined and are summarized in Table II. There was no
detectable rickettsemia found at any time after infection. Guinea
pigs showed only marginal signs of illness (2 or 3 days of tempera-0
ture 39.9-40.5 C) and slight scrotal swelling. The same guinea
pigs were used for rickettsemia and all immunological determinations
except macrophage migration inhibition (MMI). Similarly to those

previously reported using R. rickettsii, microagglutinating (MA)
and indirect fluorescenc- qntibody (IFA) titers first appeared by
about 3 days, reached a peak at 2-3 weeks, and fell off gradually
through day 90, the last time tested. Lymphocyte transformation
(LT) and MMI were used as measures of cell mediated immunity (CMI).
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TABLE II. IMMUNE RESPONSE OF GUINEA PIGS TO R. CONORII INFECTION.

TIME AFTER RECIPROCAL TITER MICROPHAGE
INFECTION MA IFA LT MIGRATION b

(days) (N=4) (N=4) (N-4) INHIBITIONb
(N=3)

-1 <4 <8 <2.0 <10
3 3 4
5 18 96
7 28 112 3.5 <10

10 80 256
14 128 448 4.3 74
18 160 512
21 128 768 8.4 72
31 136 544 9.3
52 128 192
90 96 288 3.4 <16

a. Stimulation index - cpm with antigen
cpm no antigen

b. % migration - No. units migration in presence of antigen x 100.No. units migration with no antigen

As found previously with R. rickettsii, LT was detected by I week,
reached a peak at 2-4 weeks, and fell off thereafter. However,
magnitude of LT response was not nearly as great with R. conorii as
found with R. rickettsii. This may be a function of severity of
disease, or magnitude of antigenic mass presented d~ring disease. With
RMSF in guinea pigs, circulating rickettsemia of 10 - 103 organisms/ml
blood are routinely found. Measureable MMI appeared at 2 and 3 weeks
with R. conorii infection, and disappeared thereafter. This, too, is
similar to that found with R. rickettsii infection, but inhibition was
greater in response to PMSF than to R. conorii infection.

A study was performed to determine the extent of heterologous pro-
tection to challenge after infection with each of the most militarily
important spotted fever group rickettsiae. Results are shown in Table
III. It appears that there is considerable, but not absolute spotted
fever "group" protection after infection with any one member. R.
rickettsii appears to be the most severe challenge, and complete pro-
tection was afforded only by homologous vaccine or by its subgroup
member, R. sibirica,vaccine.
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TABLE III. PROTECTIONa OF GUINEA PIGS AGAINST HETED^LOGOUS
CHALLENGE WITH SPOTTED FEVER GROUP RICKETTSIAE

CHALLENGE PROTECTIONb OF CONVALESCENT GUINEA PIGS TO RICKETTSIA

RICKETTSIA akari australis conorii rickettsii sibirica none

akari + + + + + 0

australis + + + + + 0

conorii + + + + + 0

rickettsii + + + + + 0

sibirica + + + + + 0

a. Protection measured as absence of fever after challenge.

b. + = protection, + = partial protection, 0 = no protection

A second study was undertaken to determine if substantial heterologoub
protection could be stimulated by inactivated rickettsiae as was shown to
occur after infection with live organisms. Guinea pigs were immunized wit!
various concentrations of formalin-inactivated 6rickettsiae as presented in
Table IV and challenged 4 weeks later with %l0 yolk sac-grown R.
rickettsii. Immunization with concentrated (109) rickettsiae from any of

the 5 species offered protection against R. rickettsii. This indicates
that, as with live infection, group protection can be attained by inacti-
vated rickettsiae as long as sufficient antigenic mass is employed.

TABLE IV. EFFECT OF CONCENTRATIONa OF INACTIVATED SPOTTED FEVER GROUP
RICKETTSIAE ON PROTECTION AGAINST R. RICKETTSII

Immunizing Protectionb Afforded by Various Concentrations
Rickettsiae Concentration of Rickettsiae1

akari 109  10 7  lO3

australis + 0 0 0

conorii + + + 0

rickettsii + + + +

sibirica + + + 0

a. Concentration determined by direct count with acridine orange

dye.
b. Protection is defined as absences of significant fever after

challenge. + - full protection; + - partial protection: 0
no protection.
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Studies in BALB/c mice as a model of immunity to the spotted fever
group of rickettsiae were conducted. Mice were inoculated with various
concentratio s of viable spotted fever rickettsiae and challenged at 21
days with 10 PFU R. akari. Results are sLown in Table V. It appears

that "infection" with R. conorii, R. sibirica, R. rickettsii, or R.
australis protects against R. akari, and from the PFU necessary to confer
immunity, rickettsial replication must occur.

TABLE V. EFFECT OF PRIOR INUNIZATION WITH VARYING DOSES OF
VIABLE SPOTTED FEVER RICKETTSIAE ON SUBSEQUENT

CHALLENGE WITH R. AKARI (10 PFU)

IMMUNIZING
RICKFTTSIAE LOG1 PFU/MOUSE NO. SURVIVORS/5

10

conorii 6 5
5 5
4 4
3 4
2 3
1 3
0 0

sibirica 5 ND
4 3
3 4
2 4
1 3
0 0

australis 6 ND
5 5
4 5
3 5
2 5
1 5
0 1

rickettsii 6 4
5 4
4 4
3 4
2 3
1 0

None - 0
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Since mice with prior exposure to any spotted fever group rickettsiae
were subsequently refractory to R. akari challenge, passive protection
against R. akari infection with mouse or guinea pig spotted fever group
immune serum was tested. Results (Table VI) show that passive protection
can be transferred by only R. akari or R. australis immune serum. Species
source of immune serum does not seem critical. It has been difficult to
attain mouse R. australis antiserum of reasonable titer, which may explain
why mouse antiserum does not passively protect as is seen with guinea pig
antiserum.

TABLE VI. PASSIVE PROTECTION AGAINST R. AKARI INFECTION IN MICE BY
SPOTTED FEVER GROUP IMMUNE SERA.

IMMUNE SERUM NO. SURVIVORS/TOTAL AFTER IMMUNE SERUMa

TO RICKETTSIA Guinea Pig Mouse

akari 3/4 4/4

australis 4/4 0/3

conorii 0/4 0/2

rickettsii 0/4 0/2

sibirica 0/4 0/2

None 0/6

a. Prepared in guinea pigs or mice

Since protectfon against R. akari could be conferred with only
R. akari and possibly R. australis antiserum, an experiment was performe
to attempt spleen cell transfer of imm~nity. Mice were infected with 10
PFU of each spotted fever member, 5x10 viable spleen cells were trans-
ferred 18 hr before challenge with R. akari. Results are shown in Table
VII. It is seen that immunity is transferred by spleen cells from R.
akari-convalescent mice, but not from spleen cells from any other conval-
escent mice.

The next experiment was performed to determine whether spotted fever
group immune spleen cells plus homologous mouse immune serum would protect
against R. akari challenge. Mice were injected IP with 0.7 ml of immune
serum (MA titer >1:32) and hr later were injected with 5xl0 7 homologous
immune spleen cells. At 20 hr all mice were challenged with 104 PFU R.
akari. Results (Table VIII) show that no protection was transferred by
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TABLE VII. EFFECT OF SPOTTED FEVER IMMUNE SPLEEN CELL TRANSFER ON
SUBSEQUENT CHALLENGE WITH R. AKARI

SPLEEN CELLS FROM DAYS POSTINFECTION NO. SURVIVORS
MICE CONVALESCENT a  OF SPLEEN CELL AFTER R. AKARI
FROM RICKETTSIA TRANSFER CHALLENGE

akari 4 4/5
7 3/3

14 4/5
21 5/5
28 5/5
53 3/3

australis 4 0/5
7 0/3

14 1/3
21 2/5
28 0/5
53 0/3

conorii 4 0/5
7 0/4

14 0/3
21 0/5
28 0/3
53 0/3

sibirica 4 0/5
7 0/3

14 0/3
21 1/5
28 1/2
53 0/2

rickettsii 4 0/5

7 0/4
14 0/3
21 0/5
28 0/5
53 0/4

a. Donor mice were rescued with 2 IM doses of oxtetracycline on days
2 and 3. Experiments ascertained that protection In recipient
mice was not due to transferred antibiotic.

Z
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immune cells plus antiserum. Experiments are planned to determine
if higher titered antiserum or lymphocytes from a source other than

spleen will transfer immunity.

Efforts were made to determine whether protection by R. akari
immune spleen cells was due to passive transfer of antibody.
Immune spleen cells were harvested, washed, and divided into 2

aliquots. One aliquot was transferred to recipient mice, and the
other was frozen and thawed 3 times, and then transferred. All
whole cell recipients lived and all treated cell recipients died.
Further studies are necessary to determine whether transfer of

immunity is due to T cells or to B cells producing antibody in the

recipients.

A study was performed to determine whether spleens from mice
immunized with killed R. akari could transfer immunity to syngeneic
recipients. Mice were immunized with 1i08 killed rickettsiae;

spleens were removed and transferred on day 14. After challenge,

recipient mice survived while nonrecipient controls died.

TABLE VIII. EFFECT OF SPOTTED FEVER IMMUNE SPLEEN CELLS PLUS

IMMUNE SERUM ON PASSIVE PROTECTION AGAINST R. AKARI

SPLEEN CELLS PLUS
ANTISERUM FROM MICE

CONVALESCENT FROM RICKETTSIA NO. SURVIVORS/TOTAL

akari 4/4

australis 0/3

conorii 0/4

rickettsii 0/3

sibirica 0/4

None 0/4

Studies on the effects of antibiotic treatment of R. akarI

infection in mice and of oral versus IM administration were

completed. Results are shown in Table IX. Using 104 PFU for
infection, it appears to be cruicial that treatment be initiated

before day 5, but little difference was evident between chlor-

amphenicol or tetracycline treatment and IM or oral routes.

Further studies are planned to determine the relationship of

development of immunity to challenge and the ability to transfer
this immunity with spleen cells.
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TABLE IX. EFFECT OF CHLORAMPPFNICOL AND TETRACYCLINE ON R. AKARI

INFECTION IN MICE

NO. SURVIVORS/4

DAY OF ORAL IM
TREATMENT TETRACYCLINE CHLORAMPPENICOL TETRACYCLINE CHLORAMPHENICOL

0 4 4 4 4
3 4 4 4 3
4 3 4 4 2
5 0 0 0 4
6 0 0 0 1
7 0 0 0 1

None

Studies of R. conorii and R. sibirica infection in subhuman primates

were completed and results are summarized in Tables X and XI. The rhesus

monkey (Macaca mulatta) appears to be the best model for R. sibirica

infection. Rhesus monkeys infected with 107 PFU showed overt signs of

clinical illness, anorexia, depression and fever. Slight leukocytosis
due to a neutrophilia was noted early in the illness; increases in serum

alkaline phosphatase values were noted in the convalescent stage. Anti-

body titers were pronounced by day 21. The best model for R. conorii

infection appears to be cynomolgus monkeys (Macaca fascicularis). When

infected with 10 7 PFU, anorexia, depression and fever were noted.

Li
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TABLE X. R. CONORII INFECTION IN SUBHUMAN PRIMATES

DOSE NO. WITH
SPECIES NO. (LOG PFU) FEVER (%) ESCHAP (%) ANOREXIA.

10 DEPRESSION

M. mulatta 4 7 4 (100) 0 4
(rhesus)

M. fascicularis 5 7 5 (.100) 2 (30) 5
(cynomolgus) 2 3 0 0 0

M. nemestrina 4 5 1 (25) 1 (25)
(pigtail)

Saimiri sciureus 3 7 1 (33) 2 (66) 1

(squirrel) 3 3 2 (66) 1 (33) 2

Cebus apella 4 5 4 (100) 1 (25) 0
(capuchin)

Callithrix jaccus
(marmoset) 4 5 4 (100) 3 (75) 2

TABLE XI. R. SIRIJICA INFECTION IN SUBHUMAN PRIMATES

DOSE NO. WITH
SPECIES NO. (LOG PFU) FEVER (%) ESCHAR (%) ANOREXIA,

DEPRFSSION

M. mulatta 4 7 4 (100) 1 (25) 4

M. fascicularis 2 7 1 (50) 0 1

M. nemestrina 4 5 2 (50) 2 (50) 0

S. sciureus 3 7 3 (100) 1 (33) 2

C. apella 3 4 2 (66) 2 (66) 0

C. jaccus 4 5 1 (25) 3 (75) 2
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Studies were undertaken to determine susceptibility of different
inbred, outbred, and inbred hybrid strains of mice to R. akari. Since
initial studies showed the Kaplan strain was considerably -more virulent
in BALB/cJ mice than the Hartford strain, the Kaplan strain was used for
this study. The MILPD has been tentatively determined for 13 inbred,
3 inbred hybrids, and P0outbred strains as shown in Table XII.

TABLE XII. SUSCEPTIBILITY OF MICE TO KAPLAN STRAIN R. AKARI (MIPLD 50)

MIPLD 50 INBRED MIPLD 50MIPLD 5

INBRED (PFU) HYBRID (PFU) OUTBRED kPFU)

BALB/cJ 2,000 C3D2F 11,250 ICR Dub >26,000

BALB/cDub 6,578 CB6F 1 20,148 ICR WRAIR >78,000

G3H/Pe~j <3 AKD2F 1  24,563 Swiss MBA 4,430

C3H/HeDub 17,342 CAW/CFI 111

C57L/J 29,000

GSA 24,563

DBA.2J 2,586

SUR/J 8,120

AKR/J 2,900

C57BL/6j 166

SJ L/J so

A/HeJ <3
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BODY OF REPORT

Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 007: Immunoprophylactic Role of Macrophages in
Airborne, Rickettsial Respiratory Diseases

Background:

The continuing objectives of the research under this work unit were to:
(a) assess further the relative importance of cellular and humoral immune
systems in experimental Q fever infections utilizing the congenitally athymic
nude (nu/nu) mice and their phenotypically normal (nu/+) euthymic litter-
mades and (b) develop a subhuman primate model for Q fever infection with
the ultimate goal of testing the efficacy of 0 fever vaccines.

Progress:

Outbred Swiss (nu/nu) athymic mice and their phenotypically normal
euthymic (nu/+) litter-mates were exposed to 104 MTPID 50 of phase I
Henzerling strain of Coxiella burnetii presented in small-aerosol
particles (SPA) as previously described (1).

No clinical signs of illness (fever, weight loss, lethargy, coryza)
or mortality were observed in any of the athymic or euthymic mice
following exposure to C. burnetii. Spleen weights began to increase on
day 14 in both types of mice (Table I). However, spleen weights of
euthymic mice declined to normal levels by day 21, whereas, spleen
weights of athymic mice continue to increase! by day 30 spleens were
u11 times greater, and on day 50, %5 times greater than controls.

TABLE I. SPLEEN WEIGHTS AND IMPRESSION SMEARS OF ATHYMIC AND EUTHYMIC
MICE (n = 3-5) FOLLOWING CHALLENGE WITH C. BURNETII

DAYS AFTER SPLEEN WEIGHT (gm) IMPRESSION SMEARS
EXPOSURE Athymic Euthymic Athymic Euthymic

1 0.1 0.1 - -

3 0.1 0.1 - -

5 0.2 0.2 - -

7 0.2 0.2 + +

9 0.3 0.3 + +

14 0.5 0.4 + +

21 0.6 0.1 + -

30 1.1 0.1 + -

60 0.5 0.1 + -
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Spleens from both strains of mice contained rickettsia between
7 and 14 days as shown by the impression smears stained with Gim~nez
stain (Table II). Rickettsiae were no longer detected in euthymic
animals on day 21, but populations of organisms that were too
numerous to count were observed in each field of view in athymic
mice for 60 days at which time the experiment was terminated.
Titration of infected spleens in yolk sacs of embryonated eggs
indicated that the spleens of athymic mice contained approximately
105-106 rickettsiae at 30 and 60 days, whereas, no rickettsiae
were recovered from euthymic animals at these times.

Rickettsiae were isolated from blood of both athymic and
euthymic mice on day 4, but were no longer detected in euthymic
mice by 21 days (Table II). In contrast, rickettsemia persisted
in athymic mice through day 60.

Antibody to phase I and II C. burnetii developed at the same
rate in both strains of mice (Table II). Antibody against phase II
antigen was initially detected on day 14 and persisted at elevated
titers through day 60. Antibody to phase I antigen was demonstrable
by 21 days and persisted at high levels. Uninfected control athymic
and euthymic mice did not develop antibodies to either antigen.

Mild to moderate multifocal to diffuse interstitial pneumonia
was noted between 7 and 14 days in both strains of mice. Severity
of lesions and the temporal course of the infections were similar
in both strains up to 21 days. Lung lesions were resolved by day
30 in euthymic mice. However, minimal interstitial pneumonia

was still present in 5 athymic mice on day 60. At no time were
lesions observed in any euthymic mice.

Moderate multifocal and acute hepatitis was noted on day 7
with moderate, multifocal, necrotizing hepatitis between 9 and

14 days in both strains of mice. The liver of euthymic mice was
essentially normal by 60 days, whereas moderate necrotizing

hepatitis with severe hepatocellular necrosis was still noted in
athymic animals.

Lung, liver, spleen and heart of control athymic and euthymic
mice were essentially normal at all sampling times.

LL. _ _ _ _ MAO&"d
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Table II. ONSET AND DURATION OF RICKETTSEMIA AND INDIRECT FLUORESCENT
ANTIBODY (IFA) TITERS OF ATHYMIC AND EUTHYMIC MICE (n = 3-5)
FOLLOWING CHALLENGE OF C. BURNETII

(IFA TITER (LOG]0 TITER)

DAYS AFTER RICKETTSEMIAa ATHYMIC EUTHYMIC
EXPOSURE Athymic Euthymic Phase I Phase II Phase I Phase II

1 0 0 0 0

4 + + 0 0 0 0

5 + + 0 0 0 0

7 + + 0 0 0 0

9 + + 0 0 0 0

14 + + 0 1.5 0 1.5

21 + - 1.0 2.0 1.0 2.0

30 + - 1.0 3.0 1.0 3.0

60 + - 2.0 3.0 2.0 3.0

In a separate effort, studies were initiated to establish a well-
defined model for Q fever infection in subhuman primates with the
ultimate objective of evaluating a prototype vaccine. Ten conditioned
cynomolgus monkeys (Macaca fascicularis) of both sexes, weighing
2.0-3.5 kg were exposed by SPA to 10D MIPID5 0 C. burnetii, phase I (2);
2 of these were used for histopathologic examination; four monkeys
were exposed to heart infusion broth as controls.

All monkeys exposed to C. burnetii developed clinical signs of
illness (fever, increased respiratory rate, cough, anorexia, and
depression) between days 5 and 12. All monkeys were rickettsemic
between 3 and 13 days; with increases in serum alkaline phosphatase,
SCOT, and total bilirubin. There was radiological evidence of pneumonia
in all monkeys by day 9; there was microscopic evidence of interstitial
pneumonia and subacute hepatitis in the 2 necropsied monkeys. Antibodies
to phase I and II C. burnetii were detectable in all infected monkeys
(Table III).

--.-~~ J
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Table III. HUMORAL ANTIBODY RESPONSES OF CYNOMOLGUS MONKEYS
(n=6) FOLLOWING EXPOSURE TO 105 C. BURNETII
PRESENTED AS SPA

GEOM. MEAN RECIPROCAL ANTIBODY TITEF
IFA MA CF

DAY Phase I Phase II Phase I Phase II Phase I Pha#p TT

-7 0 0 0 0 0 0

7 0 306a 0 7 0 0.5

14 48 2487 19 733 0 55

21 351 7169 470 1070 0 309

28 240 6827 496 1070 6 263

35 405 5461 664 1387 8 389

To date, 16 cynomolgus monkeys have been immunized with the
NDBR-105, Lot 4, killed, particulate, phase I Q fever vaccine (3).
The immunization schedule was the same as that recommended for
humans: skil test (0.02 ug/0.1 ml) and day 0, vaccinated with
0.5 ml (30 pg) on day 7, and skin test at 28 days after vaccination.

Eight of the monkeys were challenged in July (I yr post-
vaccination) and the other 8 in August (6 mon postvaccination)
with 105 MIPID5 0 of the phase I Henzerling strain of C. burnetii
administered in SAP to test the protective efficacy of the
vaccine. Results are pending.

During development of the subhuman primate model for Q fever
infection, we noted a suppression of lymphocyte blastogenesis in
the acute period. Other investigators have reported a similar
suppression of lymphocyte blastogenesis in acute bacterial and
viral infections. A study was undertaken to examine the cellular
and humoral immune responses following infection of cynomolgus
monkeys with C. burnetii. The functional activity of T-lymphocytes
was measured by in vitro proliferative responses to phytohemagglutinin
(PHA) and specific antigens; B-cell activity was measured by the
production of specific antibodies.

.... ~~ ~~~~~ ~~~~ " . .. ".... ... .. . := . .' -A -. f
"
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Six cynomolgus monkeys were exposed by SPA to 105 MIPID 0 of
the phase I Henzerling strain of C. burnetii using the proce ure
described by Berendt (2). Peripheral blood lymphocytes were separated
using the technique of Bbyum (4); in vitro lymphocyte transformation (LT)
assay was performed as previously described (5).

Preliminary d-ta indicated that lymphocytes from normal, uninfected
monkeys cultured as a 1:10 dilution of the PHA had stimulation indices
(SI) between 22 to 52. The SI of lymphocytes following culture in PHA or
phase I or II C. burnetii is shown in Table IV. Between 14 and 28 days
there was a significant reduction in LT by PHA. Lymphocytes became
responsive to PHA again on day 35 with a concomitant increase in the SI
when cultured with specific antigen.

TABLE IV. LYMPHOCYTE STIMULATION INDEX OF MONKEYS (n = 6) AFTER
CHALLENGE WITH C. BURNETII

AFTER SI (±SE)

EXPOSURE PHASE I PHASE II PHA

0 0.9 + 0.1 1.0 + 0.1 23 + 8

7 1.0 ± 0.1 1.0 ± 0.1 44 ±14

14 1.6±0.2 2.0±0.2 4±1

21 0.9 ± 0.1 1.0 ± 0.2 4 ± 4

28 1.1 ± 0.2 1.0 ± 0.2 6 ± 4

35 3.8 ± 1.0 6.7 ± 1.5 66 ±25

Serum antibody titers as measured by the IFA, MA and CF tests are
presented above in Table III. Antibody to phase II C. burnetii was
initially detected 7 days postexposure and persisted at high levels
throughout the experimental period. Specific antibodies detected by the
IFA test were consistently higher at every sampling time than the MA or
CF results. Phase I antibody was detected on day 14 by the IFA and MA
tests, but not detected until day 28 by the CF test.

Presentation:

Gonder, J. C., M. D. Kastello, and R. A. Kishimoto. Cynomolgus
monkey model for experimental Q fever. Presented, American Society for
Microbiology, Las Vegas, NV, 14-19 May 1978 (Abstracts of the Meeting -

1978, p. 16).
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1. Kishimoto, R. A., J. W. Johnson, R. H. Kenyon, M. S. Ascher,
E. W. Larson, and C. E. Pedersen, Jr. 1978. Cell-mediated immune
responses of guinea pigs to an inactivated phase I Coxiella burnetii
vaccine. Infect. Immun. 19:194-198.

2. Powanda, M. C., S. V. Machotka, and R. A. Kishimoto. 1978.
Metabolic sequelae of respiratory Q fever in the guinea pig. Proc.
Soc. Exp. Biol. Med. 158:626-630.
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logic processes of military and civilian personnel possibly exposed to a simultaneous

BW attack. This work unit investigates interrelationships between acute or chronic
irradiation and immune or disease processes in animal models, o that limitations of

protective vaccines or disease in irradiated personnel may be more effectively managed

in a nuclear warfare environment.

24 (U) Acute or protracted whole-body irradiation is delivered to selected animal

species before, simultaneously with, or after infection. Clinical and immune responses

are observed and measured serially.

25 (U) 77 10 - 78 07 - The x-radiation source is inoperable and will be removed. A

linear accelerator is under consideration to replace it and in lieu of a cobalt-60
device for high dose radiation. Evaluation of the existing shielding has shown that

it is satisfactory for a 4 millielectron volt accelerator. Costs are being determined

for the new equipment and any construction necessary.

No active research is underway at this time so the work unit is terminated. When
plans are finalized for purchase and installation of a radiation source, a new research

plan will be prepared.
Publication: Current Chemotherapy, p. 317-319, American Society for Microbiology,

Washington, 1978.
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Project No. 3A762776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 008: Effect of Ionizing Radiation on Progression and
Immune Defenses Against Infectious Diseases of
Potential BW Importance

Background:

Radiation-induced immunosuppression has been shown to affect the recovery
of animals from experimental virus infections (1). Much evidence points to
increased susceptibility of hosts that are subjected to immunosuppressive
treatments (1,2). Previous studies in monkeys given the live, attenuated
VEE virus vaccine strain (TC-83) have shown delayed and prolonged viremia
and elevated serum virus titers in acutely irradiated, vaccinated monkeys.
Is the humoral immune response of animals given TC-83 and exposed to chronic
low-dose rate, total-body irradiation affected in a similar manner?

Dengue viruses cause significant morbidity in U. S. military personnel
during operations in tropical countries. Efforts to achieve dengue immuno-
prophylaxis capabilities have been slowed by lack of an animal disease model.
Halstead and co-workers (USAMRDC Contract No. DADA 17-73-C3083) have found
that the chemically immunosuppressed monkey may be a potential model for
dengue infection. Because of great variability of chemical immunosuppressants
in effecting changes in hematologic components, we proposed that irradiation-
immunosuppressed monkeys may be a more reproducible means to achieve a dengue-
infected host.

Several studies have been conducted to evaluate the interferon inducer,
lysine-stabilized polyriboinosinic polyribocytidylic acid [poly(ICLC)l as
an antiviral compound and an adjuvant. Recently, it has been observed that
many interferon inducers are also radioprotective agents. It was hypothe-
sized that if interferon-inducing agents are radioprotective, then poly(ICLC)
may also have radioprotective properties useful in military medicine.

Progress:

The x-radiation source is inoperable and will be removed. A linear
accelerator is under consideration to replace it and in lieu of a cobalt"
device for high dose radiation. Evaluation of the existing shielding has
shown that it is satisfactory for a 4 millielectron volt accelerator. Costs
are being determined for the new equipment and any construction necessary.

No active research is underway at this time so the work unit is terminated.
When plans are finalized for purchase and installation of a radiation source, a
new research plan will be prepared.
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Publication.:

Hilmas, D. E., E. L. Stephen, R. 0. Spertzel, and H. B. Levy. 1978.
Use of poly(ICLC) for the prophylaxis and treatment of Venezuelan equine
encephalomyelitis virus infection in nonhuman primates, pp. 317-319. In
Current Chemotherapy, Vol. 1, (W. Siegenthaler and R. Luthy, eds), Ameri-

can Society for Microbiology, Washington.
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to improved vaccines for the protection of U. S. military forces.

24 (U) Direct and indirect effects of virus replication are assessed by a variety of

techniques. Humoral and cellular immune responses to infection are measured. Key
virus-cell interactions are studied in explant culture. Structural difference among
virus strains are correlated with specific biologic functions.
25 (U) 77 10 - 78 09 - Hydroxylapatite column chromatography techniques were employed
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Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 009: Determinants for Virulence and Attenuation of
Arbo- and Arenavirus Vaccine Candidates

Background:

The virulence of a virus is a phenotypic characteristic determined in
part by the biochemical and physical properties of the virus itself, and
in part by the host responses, both beneficial and deleterious, to the
infection. Our published studies using alphaviruses as models suggest that
virion surface charge is critical in determining the interaction of alpha-
viruses with cells of the reticuloendothelial system (RES), which degrade
ingested virions (1). Using techniques which separate virions on the basis
of surface charge (2), virus populations can be separated into component
populations of virulent and attenuated particles, which interact differently
with the RES (3). Studies conducted during the past year extended these
concepts to different alpha viruses (Chikungunya, CHIK) and to new virus
groups, including the arenaviruses and especially Lassa fever (LAS) virus.
The development of animal models for lethal arenavirus disease should
further facilitate the efficacy testing of antiviral drugs and candidate
arenavirus vaccines.

Progress:

Hydroxylapatite chromatography of alphavirus populations. The details
of separating virulent and avirulent populations of alphaviruses by hydro-
xylapatite chromatography were published this year (2, 4) or are in manu-
script form, and only the general conclusions are summarized here. Hydro-
xylapatite chromatography separates proteins and whole virus particles on

the basis of differences in surface charge. Viruses were eluted from
columns with characteristic profiles whose shape is determined by the dimen-
sions of a phosphate of pH gradient applied to the column. Using conditions
determined empirically to be optimal for the separations desired (2), 43 VEE-
strains were classified into groups similar to those based on more cumbersome
serologic techniques (4). A similar classification scheme was developed for
EEE strains (manuscript in preparation). Column chromatography was also
shown to be a sensitive indicator of heterogeneity within virus populations,
and detected shifts in the composition of virus populations with passage (2).
Thus the technique was used to detect subpopulations of virulent VEE virus
suspected to be present in stocks of attenuated VEE virus vaccine, and to
characterize viruses from those personnel who became sick following inocu-
lation of this vaccine (manuscript in preparation). Attenuated virions were
obtained from virulent stocks of WEE and EEE viruses, suggesting that the
technique would be useful for obtaining candidate vaccine strains of alpha-
viruses. Therefore recent experiments have focused on differentiating viru-
lent from attenuated CHIK virus. Once the conditions for maximizing the
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separations of CHIK viruses have been identified, work will be initiated
to derive an attenuated CHIK virus directly from a virulent virus popu-
lation using the column technique.

Virulence of CHIK virus strains in primates. The efficacy testing of
a candidate vaccine for CHIK virus will require development of a suscepti-
ble animal model for challenge. Toward this end, 3 strains were inoculated
SC into groups of rhesus and squirrel monkeys. Viremias were determined
and temperatures, hematocrits, and blood leukocyte levels were monitored
daily, but did not fluctuate significantly. Two strains, BAH-306 and 15561,
passage 1, produced moderate viremias in both rhesus and squirrel monkeys.

Viremias peaked on day 2, and diminished to undetectable levels by days 4-5
(Table I). In contrast, CHIK strain 15561, passage 10, failed to produce

TABLE 1. VIREMIAS AND ANTIBODY RESPONSES IN MONKEYS INOCULATED WITH CHIK
VIRUS STRAINS

CHIK STRAIN LOG 0 PFU/ml PLASMA RIA TITERMONKEY __________o ________

DOSE SPECIES day 36

(Log 10 PFU) 1 2 3 4 5(: )

BAH-306 Rhesus 3.8 5.3 3.9 < 0.7 < 0.7 2560
(4.5) 3.5 5.1 3.9 < 0.7 < 0.7 2560

2.2 4.5 3.8 < 0.7 < 0.7 in progress
2.9 5.1 4.2 < 0.7 < 0.7 in progress

Squirrel 3.1 3.9 1.4 < 0.7 < 0.7 7230
3.8 4.2 1.9 < 0.7 < 0.7 996
2.5 2.8 2.6 1.4 < 0.7 in progress

2.3 2.6 0.7 .. 0.7 < 0.7 in progress

15561, pl Rhesus 2.9 4.0 2.9 < 0.7 < 0.7 in progress
(5.4) 2.0 4.2 3.7 < 0.7 K 0.7 in progress

Squirrel 2.3 2.2 1.4 < 0.7 < 0.7 in progress
3.0 2.5 1.4 < 0.7 < 0.7 in progress

15561, p 10 Rhesus < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 10384/
(preinacti- < 0.7 < 0.7 < 0.7 < 0.7 < 0.7 80

vac tion
E-20 Squirrel < 0.7 < 0.7 < 0.7 0.7 < 0.7 80
vaccine) < 0.7 < 0.7 < 0.7 0.7 < 0.7 c 80
(4.8)

viremias, although in one rhesus monkey, inoculation of this virus induced a
high level antibody response. This virus suspension was the actual pre-
formalin-inactivation material used to prepare the CHIK (E-20) vaccine. The
observation that this virus might be attenuated suggests that it might be a

__jC - -
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useful starting material for a live attenuated CHIK vaccine. Other markers of

dttenuateion, including plaque size, temperature sensitivity and elution pro-

files using hydroxylapatite chromatography columns, are being investigated to

differentiate this and other candidate CHIK vaccine viruses from the virulent

parent strains.

Development of models for lethal arenavirus disease in rodents. Pichinde

virus (PIC), strain 4763, was adapted to kill inbred, strain 13 guinea pigs by

sequential spleen-to-spleen passages. Within 4 passages, this virus was uni-

formly lethal for adult, strain 13 guinea pigs inoculated SC (Table II). This

TABLE II. RELATIONSHIP BETWEEN PASSAGE LEVEL OF PIC VIRUS
AND LETHALITY FOR ADULT, STRAIN 13 GUINEA PIGS

SPLEEN PASSAGE NO. DEAD/INOCULATION MEAN DAY OF DEATH

0 1/20 15

1 3/10 17
2 6/10 15
3 8/10 16
4 10/10 15
8 10/10 14

virus was passed 4 additional times and a large quantity of passage 8 virus was

prepared. Passage 8 virus (called adapted PIC) was totally benign for rhesus
monkeys, but uniformly lethal for guinea pigs. Adapted PIC produced a relatively

high viremia compared with the parent virus, in guinea pigs (Table III). This
higher viremia reflected enhanced replication of the adapted virus in target
tissues such as spleen, liver, bone marrow, pancreas, and adrenals (Table III).
Adapted PIC replicated efficiently in these tissues while the parent did not.

Adapted PIC apparently did not replicate in the brain.

Lesions associated with adapLed PIC infection were found most commo iy in
the liver, adrenal cortex and spleen. The earliest lesions were found in the .
liver, beginning day 6. By day 9, liver sections obtained from all infected

guinea pigs contained mulitple areas of necrosis throughout the parenchyma.
The.3e consisted of dilated sinusoids containing nuclear debris. Liver cords

contained individual 1,epatocytes in various stages of degeneration; in advanced
lesions, the hepatic cords were disrupted. A severely necrotic liver was a
consisteit finding in moribund guinea pigs. In addition, diffuse fatty change

was usuaLly observed late in infection.

In spleen, -esions were apparent beginning on day 9. PTAH staining revealed
accumulations of fibrillar material within the sinusoids of the red pulp, and

within perifollicular areas. By day 12, the fibrin deposition was accompanied
1y necrosis and eventually complete destruction of the red pulp architecture.

In adrenals, the lesions were limited to the cortex. Focal areas of necrosis

consisted of dilated sinusoids containing nuclear debris, and a few granulocytes. j
This lesion was consistently found in moribund guinea pigs. In contrast,
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essentially no histologic changes were seen in tissues of guinea pigs infec-
ted with parent PIC. Using direct immunofluorescence, the distribution of
antigens in tissues correlated closely with the recovery of infectious virus.

By FA in liver, individual hepatocytes and elongated cells, probably
Kupffer cells, contained high concentrations of PIC antigen beginning day 6.
By days 9-12, these areas had enlarged; clusters of cells contained antigen,
suggesting a cell-to-cell spread of virus within liver. In spleen, virus
antigen was clearly excluded from the white pulp, but was concentrated par-
ticularly in large cells (macrophages?) surrounding the white pulp, and was
also distributed in individual cells throughout the red pulp. In adrenals,
high concentrations of viral antigen were found early in individual cells
within the cortex. Gradually these areas enlarged to include > 20 contiguous
cells containing antigen.

Protective efficacy of ribavirin for lethal PIC infections. Ribavirin,
administered daily in 2 doses of 5 mg/kg to guinea pigs, significantly re-
duced viremia. More detailed studies were conducted using inbred strain MHA
hamsters. Ribavirin, administered daily for 14 days beginning day 0, afforded
complete protection to MHA hamsters (Table IV). When ribavirin was delayed

TABLE IV. EFFECT OF RIBAVIRIN ON SURVIVAL OF HMA HAMSTERS
INOCULATED WITH PIC VIRUS

% SURVIVAL

DAYS AFTER
INFECTION Ribavirina  Ribavirin

Virusonly days 0-14 days 4-14
(n 27) (n = 20) (n = 10)

7 100 100 100
8 95 100 100
9 60 100 100

10 54 100 100
11 38 100 90
12 34 100 60
13 25 100 50
14 20 100 50
15 11 100 50
21 11 100 50

a Ribavirin inoculated SC twice daily, 5 mg/kg.

for 4 days, only 50% of treated hamsters survived. However, this still repre-
sents a significant degree of protection. Replication of virus in target
tissues and viremia curves for treated and untreated groups of hamsters reflec-
ted the mortality data. No viremia was detected in hamsters receiving ribavirin
beginning day 0 (Table V). Virus titers recovered from spleen and liver were
markedly suppressed. In hamsters receiving drug beginning day 4, viremia and

iLi'
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tissue levels were only moderately suppressed. Detection of virus antigen by
FA paralleled infectious virus titrationso Development of histologic lesions
in tissues of untreated hamsters were similar to those described above for PIC
in guinea pigs. In ribavirin-treated hamsters, no lesions developed in tissues
from the day-0-14 group, and only minimal lesions in the day-4-14 group.

Protective efficacy of ribavirin for other arenaviruses. The protection of
hamsters and guinea pigs against lethal PIC virus infection by ribavirin sug-
gested that this drug might be useful for treating other arenavirus infections.
A preliminary screening procedure was established to measure the sensitivity
to ribavirin in vitro. Ribavirin, in concentrations of > 10 pg, completely
inhibited plaque formation in BS-C-l cells by PIC, Junin (JUN) and Lassa (LAS)
viruses. When tested in Vero cells, higher concentrations of ribavirin were
required (Table VI).

TABLE VI. EFFECT OF RIBAVIRIN ON PLAQUE FORMATION OF

ARENAVIRUSES

RIBAVIRON LOGIO PFU/0.2 ml
VIRUS (g/ml) BS-C-I Vero

PIC 50 < 0.7 < 0.7
10 < 0.7 5.1
1 5.1 5.3
0 5.2 5.4

JUN, #XJ Clone 3 50 < 0.7 < 0.7
10 < 0.7 4.8
1 5.3 5.8
0 5.3 5.8

LAS 50 < 0.7 < 0.7
10 < 0.7 4.5
1 4.1 4.4
0 4.0 4.4

Detection and assay of virus. Three strains were titrated by counting PFU
on various cell lines (Vero, BS-C-l, MRC-5, FRhL-103) maintained in a 5% CO2 ,
humidified atmosphere under Eagle's basal medium with Earle's salts, containing
HEPES buffer (8 gm/L), sodium bicarbonate (2.2 gm/L), and 0.5% agarose, pH 7.1.
The highest titers were obtained using Vero cells. To compare the sensitivities
of PFU assay vs. direct immunofluorescence (DFA), the LAS strains were assayed
on Vero cells using both methods (Table VII); endpoints were reached in the same
dilution by both methods for each virus tested. Direct FA staining of infected
cell monolayers is thus no more sensitive than plaque enumeration under the
conditions routinely employed. For detection of virus in clinical specimens,
both methods would be equally sensitive. However, preliminary data suggest that
DFA of spot preparations made from trypsinized, infected cell monolayers may be

.i .
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TABLE VII. COMPARATIVE SENSITIVITIES OF DFA AND PFU ASSAYS FOR DETECTING
LAS VIRUS IN VERO CELLSa

STRAIN LOG,, DILUTION DFA AVERAGE NO. PLAQUES

Sierra Leone placenta -4 + 56
-5 5

-6 0 0
-7 0 0

Pinneo -4 + TNTC
-5 + 21

-6 + 3
-7 0 0

Josiah -4 + TNTC
-5 + 26
-6 + 3
-7 0 0

Virus dilutions incubated with cell monolayers for 4 days. For DFA,
cells were fixed with 70% acetone, and read directly using epilumines-
cence; + = > 20% cells fluorescing; ± = a few cells fluorescing; 0 =
no cells fluorescing. For PFU, cells were stained with neutral red
and plaques counted after 4-6 hr of incubation.

slightly more sensitive than plaque enumeration. Titration of LAS virus
strains by intracerebral inoculation of suckling hamsters yielded variable
death patterns, which often did not correlate with the dilution. Suckling
hamster titrations are therefore not useful for routine assay of LAS.

Sensitivity of LAS virus to environmental factors. To determine the
stability under various conditions, LAS (strain Sierra Leone placenta) was
diluted into medium containing 2% fetal calf serum, and subjected to sequen-
tial cycles of freezing/thawing or to various temperatures (Table VIII).
Samples were titrated immediately after thawing or after the stated incu-
bation period. Four cycles of freezing/thawing did not affect the virus
titer. Likewise, incubation for 2 hr at 0, 25, and 37 C did not reduce
infectivity, but incubation at 60 C for 15 min reduced infectivity to
undetectable levels. In addition, exposure of this dilution of LAS to
ultraviolet light (8 mW/cm2) completely inactivated the virus within 15
sec. Dilution of the Josiah strain into the recommended working strengths
of various common disinfectants, followed by incubation for 1 or 5 min
resulted in complete inactivation (Table IX). When the disinfectants were
diluted to 1/5 normal working strength, they still completely inactivated
the virus, except for Novalsan-S, and formalin. Dilution of virus into
tap water did not result in inactivation.

- - t -s -
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TABLE VIII. STABILITY OF LAS FEVER VIRUS TO ENVIRONMENTAL FACTORS

INCUBATION LOGo PFU/0.2 ml BY TIME OF EXPOSURE

CONDITIONS 0 15 sec 15 min 120 min

Wet ice 5.2 5.3 5.2

25 C 5.2 5.1 5.2

37 C 5.2 5.1 4.7

60 C 5.2 < 0.7 < 0.7

UV light (8 mW/cm 2 ) 5.2 < 0.7 < 0.7

Freeze/thaw 0 cycle 4.9
1 cycle 5.1
4 cycles 5.0

Development of a model for studying the pathogenesis and treatment of
lethal LAS fever virus infections in primates. The lethalities of 3 LAS
strains, originally obtained from Dr. Karl Johnson, Center for Disease
Control, were determined using rhesus monkeys (Table X). All virus seeds
were passaged one additional time in Vero cell cultures, and adjusted to
6.0-6.2 loglo Vero PFU/0.5 ml and inoculated SC. The Josiah strain was the
most virulent, killing 4 of 6 control rhesus monkeys. Monkeys previously
exposed to JUN and/or Machupo (MAC) viruses were not significantly protec-
ted from LAS challenge, since 4 of 7 such monkeys died. None of 4 monkeys
treated with ribavirin died. (Ribavirin studied were conducted in collabo-
ration with investigators working under Work Unit A841 00 026.) Mean
viremia levels between control and ribavirin groups, and between control
and JUN/MAC-immune groups, were not significantly different on any day.
However, when mean viremia levels were compared for lethally infected vs.
nonlethally infected monkeys (pooled without reference to drug treatment
group or prior immune status), lethally infected monkeys exhibited viremias
that were significantly (P < 0.05) higher beginning on days 9 and 10 and
persisting until death (mean day 12.5) as shown in Table XI.

To determine which organs were involved in the replication of LAS,
tissues freshly obtained from rhesus monkeys immediately after death were
homogenized, clarified by centrifugation (10,000 g, 30 min) and titrated
for PFU on Vero cell monolayers (Table XII). Virus concentrations in all
visceral tissues tested were clearly higher than in the contained blood,
implying significant virus replication in all these tissues. Virus concen-
trations in nervous tissue were lower than in visceral tissues; virus
retrieved from the cerebrum may represent virus in the contained blood, but
virus in the brain stem and spinal cord probably represent replicated virus.
All tissues were processed for routine histologic and immunofluorescence
staining, but have not been examined to date.

I
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TABLE IX. INFECTIVITY OF LAS VIRUS FOLLOWING INCUBATION IN COMMON
DISINFECTANTS DILUTED IN TAP WATER

RECOMMENDED INCUBATION NO. PLAQUES BY DILUTIONSa

DISINFECTANT WORKING AT 25 C
STRENGTH (minutes) -2 -3 -4 -5

Lysol 5 1 0 0

5 0 0

Staphene 2 1 0 0
5 0 0

Germ Warfare 2 1 0 0
5 0 0

Novalsan-S 1 1 TNTC TNTC 217 25
5 TNTC TNTC 86 9

Formalin 10 1 TNTC 192 23
5 9 2

Roccal 1 1 0 0
5 0 0

Chloramine T 1 1 0 0
5 0 0

Water 100 1 TNTC 39
5 TNTC 71

Control diluent 1 TNTC 64
5 TNTC 48

Disinfectant was used at 1/5 working strength. At full working
strength, no plaques were detected in the -3 dilutions of virus/
disinfectant mixtures; -2 dilutions were not tested because the
disinfectants alone were toxic for Vero cells at that concentration.



86

2O .D.'. ' c

-4 2~N J.
1 ~ CU Cl r f

'U +1 41+1 + 1 +1 +1 -I -I +1 -4 ' 0 m

.o -I -r) 0 O n tc

C) (n E-4 r '4-4 -

H .- 4

'-4) c 0
4. 0 -4

0- 0 in ON 0 r- -W a .' )
E- - S -- 4 c-'j m f n

Ha .'4 r-*

P44 ;> +1 +1 1 +1 +1 +1 +1 +4 - -4 -r4 0

0 .0 -0 c, -j eJ 0 e.J I'D 0 ) C
n"4U 0 '.0

r -4 C', m' m' N 4 - ca0
0

).4 L'U, Lo "o 41-
C'-) C') 4 -j lC" ' NU) +1- -4..............................j C14

D0 c 0 0 0 0 0 0 0 '42 0

4- +1 +1 +1- +1I +1- +1- +1- +1 1- -
z ,. 4 '4
0 C4j m 0 CO c r- -.5 a)cj S * i .

'- r-4 c- CU E1, C4 %'-

0 -4 0 0 a)
4 in)

-4 '4- UJ)
a 0 a) to2

.- Ul CU (DU
'4 -4 CU -

0 0 0 a:-4
-. a) 4 - N- C Ln It It 0 %.D r, C-4 2r (a
4-4 24-'........................... 0 >.

22 0 0 -4-4 eCi -40 0 .-
-4U 02

VV4 U v V4

>C "0 CU a

CUC 4 .4J4- 3

z CS Z)- >Cp
ca) a) u- 0 0 0 0 0 0.

CU4 'u +1 +1 +1 +1 +1 +1 +1 +1

r. CU - N- N- 44 '. 0 a - N-Q

000 "4-4 '-4 -4 00 0 -4

0. 04 4- Ct C'a4j
p 4-4 -4 * -

4-Q U) '442 *4~
>2 '4~f

4~- --- 3t, N- "- >,4~CU f
ca o 0 0 CD a; v U)~ W) V

$-4 0 It C14 U 44-- CL'0 GU 0
0 +1 -- +1 +1 +1 +1 +1 +1 +1 - -4 C.i2-4 r .

U) 4 4. U .- ,
4  

=
-4 c r- 4 "- WO WO -40 4.j 0- E 414C

F- 0.. U3- 4' 4J- c0 0' ' ~ 0'0U U 2-

4-i '0 4 CU 54-4

~~-4 ~ CU p- 4 U.C
-4 ca -$40- U 1 W -4V)4-
4-i W0 4 0 - Q) >1u)
0 .. 0C U) /). 0
H '4-4 (n .0' 02E

0 ('- in N- 0 *-. 0"~ 4 0 0 )
U) - -4 '-4 -1 e') 4Jr ' X .

C'4 1 n N- al ' U ~ -
-~ ~ a '4 4 'L0 0, 4~ ) CU

-4 -4 -4 '-4 f0 0:: CU 0 U'0



87

TABLE XI. COMPARISON OF VIREMIAS PRODUCED BY LAS VIRUS (STRAIN JOSIAH)
IN LETHALLY VS. NONLETHALLY INFECTED RHESUS MONKEYSa

MEAN LOGIo PFU/ml SERUM ± SE
DAYS

Lethally infected Nonlethally infected
(n 8) (n =8)

3 1.1 ± 0.17 1.2 ± 0.17
5 3.0 ± 0.12 2.8 ± 0.23
7 4.2 ± 0.12 3.3 ± 0.06

9-10 5.2 0.13 b  3.2 0.17
11-13 6.0 ± 0 . 3 2 b 3.1 ± 0.38
14-15 5.2 0 . 2 5 b 2.5 ± 0.28

17 5.4 1.7 ± 0.32
19 died 1.5 ± 0.28

aBased on pooled viremias from lethally infected monkeys in control and

JUN/MAC groups in Table X, and nonlethally infected monkeys from all

b3 groups.
P < 0.05.

TABLE XII. CONCENTRATIONS OF INFECTIOUS LAS VIRUS IN TISSUES OF RHESUS
MONKEYS DYING AFTER VIRUS INOCULATION (n = 8 )a

TISSUE LOGIo PFU/ml or gm

b
Serum 5.6 ± 0.36

Outer cerebrum 5.3 ± 0.30
Brain stem 6.0 ± 0.36
Spinal cord 6.6 ± 0.32

Axillary lymph node 6.6 ± 0.27
Spleen 6.8 ± 0.29
Liver 7.6 ± 0.49
Pancreas 7.1 ± 0.29
Lung 7.3 ± 0.30
Kidney 6.6 ± 0.22
Adrenal 7.6 ± 0.38

Pleural 7.3 ± 0.43

a Tissues obtained from the 8 lethally infected monkeys whose mean

viremias are shown in Table XI.
Obtained at time of death. Mean day of death = 12.5.
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The handling of significant numbers of rhesus monkeys, especially under
the total containment conditions required for LAS research, presents serious
logistical problems, which would be reduced if a small rodent model host
were available. Guinea pigs and inbred strain MHA hamsters were tested for
susceptibility to Josiah strain. No MHA hamsters died, nor did any adult
guinea pigs (weighing 500 gm) following SC inoculation of 5.7 log,, PFU.
However, 3 of 5 young guinea pigs (260-300 gm) died. Virus, isolated from
spleens of dead guinea pigs, will serve as starting material for producing
a guinea pig-adapted strain, by serial passage (spleen-to-spleen) in guinea
pigs (analogously to the adaptation of PIC guinea pigs).

Measurement of antibody to LAS virus. Plasma, obtained from a convales-
cent patient following LAS infection, was titrated for antibody in a conven-
tional serum dilution, PRN test using Vero cells (Table XIII) No plaque

TABLE XIII. PROTEIN A-MEDIATED PRN OF LAS VIRUS BY IMMUNE SERUM

ANTISERUM % OF CONTROL PLAQUES
DILUTION
(1: ) No protein A With protein A

10 86 58
20 16
40 81 17
80 29

160 95 49
320 83
640 86 84
1280 95

Control 100 92

reduction was observed in any dilution of plasma tested. However, when a
protein a-bearing Staphylococcus reagent was added to precipitate infection
virus/antibody complexes, significant plaque reduction (i.e., > 80%) was
observed in the 1:20, 1:40 and 1:80 dilutions. Using indirect fluorescent
antibody (IFA) technique, this plasma had a titer of 1:64 against LAS.
Whether antibody, detectable only by IFA or protein A precipitation tech-
niques but not by conventional PRN test, has any protective efficacy,
remains to be determined.
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homing. Preliminary studies of lymphocyte chemotaxis under agarose suggest that lympho
cytes are attracted to mediators which do not attract acute inflammatory cells and vice
versa, while monocytes and immunoblasts are attracted to all of these mediators. HEV
endothelial cells actively remove protein-receptor complexes from the surfaces of recir
culating lymphocytes without damaging the cells. This process may expose receptors and
render the cell more responsive to subsequent antigenic stimulation in vivo. The local
and regional response to complete Freund's adjuvant (CFA) was studied and compared to
that induced by muramyl dipeptide (MOP) injection. While CPA potentiates both cellular

(CMI) and humoral immunity, MDP appears to favor CMI. In addition, MDP appears to be
suppressive to the primary immune response while potentiating anamnestic responses to

VEE C-84 antigens.
Publications: Fed. Proc. 37:591(2x), 1978.

Advan. Exp. Biol. Med., in press, 1978.
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BODY OF REPORT

Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 010: Cellular Responses in Lymphatic Tissue

Following Immunization

i Background:

Induction of immunity depends upon a complex series of cellular inter-
actions including: antigen processing and presentation by phagocytic cells
bearing "self" antigens; T and B cell cooperation in the presence of these
macrophages; proliferation, differentiation and maturation of immunocompetent
cells to form effecter cells; and feedback regulation by the products of
helper and suppressor cells augmented by local release of lvmphokines,
monokine and other cell products. It is believed that all of these immune
functions take place within the microenvironments of lymphatic tissues. Since
lymph nodes are antigen traps through which a constant t-affic of immunocompetent
cells occurs, in vitro manipulation of one or more of these cooperating cell
systems may provide information which can be used in the development of
better immunological adjuvants.

Progress:

Lymohocvte migration. Studies of basic mechanisms of lymphocyte homing
and emigration into lymphatic tissues have reached a summation point with
regard to cvtoskeletal control of cell surface receptors. Recirculating
lymphocytes emigrate from the blood into lymph nodes by selectively crossing
high endnthelial venules (HEV). This process may depend upon the ability of
lymphocytes to attach to endothelfum via receptors and on the capacity of
these cell, to actively propel themselves across venule walls. The role of
cyto!keletal structures in membrane recognition and cellular locomotion was
investigated using cytochalasin A (cyto A) and colchicine treated thoracic
duct lymphocytes. Cvto A was used because it causes prolonged effects on
microfilaments without altering hexose or nucleoside membrane transport.
The effects of colchicine en microtubule polymerization are well known.
Random movement of l.-nhocytes was assessed by measuring the numbers of cells
at centrifugal dis[-ancos from the well edge after the lymphocvtes had migrated
beneath agarose. After 18 hr incubation, migrating lymphocytes oroduced a
distance-distributifo- which ranged from r:essile to highly mobile cells. Pre-
treatmlent with cvto A For 30 min produced a dose-dependent reduction in
locomotion. Doses ibove 'i i;g/ml markedlv reduced migration without affecting
viability. Suspensions of these cells were viewed by scanning electron
microscopv (SEM) . U'ntreated Ivmphocvtes had numerous short surface microvilli.
Cvto A treatment reducd the number, yielding cells with smooth e itted
surfaces interspersed with zeiotic hb hs. Colchicine- and lumicolchicine-
treated lvmphocvtes had few surface ch;inges except for slight elongation ot
micrnvilli in the former. Transmission clectron icresconv (TEMT) of cvto A-
treated cells whi h we re, fixed ;it phvsijlogi.i fl t e 1rituire, revealed
irregular c umps I Lore-ate! s-nm microfi lameats lear Ma'rginq Of vesiCles
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and at bases of zeiotic blebs; occasionally aggregates were found trapped

between vesicle membranes. These changes may represent release of micro-
filaments from connections with membrane proteins, and accumulation of

aggregates at residual anchoring sites. Effects of colchicine on

lymphocyte microtubules were monitored by TEM of the pericentriolar
regions of cells fixed at 37*. Untreated lymphocytes had approximately

12 segments of 25-nm microtubules within 1 V of the centrioles. In-
creasing doses of colchicine from 10-8 to 10-2 M caused progressive

reduction in the number of visible microtubules in treated lymphocytes.

TABLE I. IN VITRO EFFECTS OF CYTO A ON LYMPHOCYTES

PHASE MICROSCOPY, 37-C SEM AND TEM CHANGES

% with % loss Aggregated

Dose % % active of micro- micro- % cells

pg/ml viable motile blebbing villi filaments with blebs

0 98.6 15.6 0 0 0 0
0.2 95.8 6.1 8.9 17.1 + 8.3
2.0 96.4 3.7 11.4 51.7 + 33.3

4.0 96.7 0.3 12.9 77.3 ++ 65.0

6.0 97.2 0 21.7 80.5 -Hi+ 61.2

8.0 94.8 0 35.7 89.7 -H-H 65.1

TABLE II. IN VITRO EFFECTS OF COLCHICINE ON LYMPHOCYTES

PHASE MICROSCOPY, 37-C SEM AND TEM CHANGES

% loss Micro- Micro-
Dose % of micro- villi tubule

M viable motile blebbing villi length (nm) no.

0 98.0 15.6 0 0 500 12.0

in- I 0  94.4 16.3 0 0 548 11.0

10-8 95.3 14.9 0 0 560 9.9

10-6 98.2 15.7 0 0 645 6.7

10- 4  94.6 14.7 0 0 814 1.3

10 - 3  78.8 0.3 8 5 ND b  0.2

10-2 64.3 0 21 10 ND 0.5

Lumicolchicine

10- 4  96.8 15.9 0 0 599 11.9

aWithin 1 um of centriole.

bNot done.
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Lymphocyte traffic was studied in vivo by whole tissue uptake and
autoradiographic techniques following IV infusion of ['H] uridine-
labeled lymphocytes. In the tissue uptake studies there was early
accumulation of label in lung, liver and spleen after infusion which corre-
lated with blood flow to these organs. Traffic of untreated lymphocytes was
indicated by persistent label in the spleen which tapered off in time. There
was progressive selective accumulation of these cells in lymph nodes which
reached peak levels in 18 hr. In contrast, lymphocytes treated with cyto A,
did not show appreciable accumulation in lymph nodes and splenic uptake was
markedly depressed after 4 hr. Absence of alterations in the distribution
of label to the liver attested to the viability of cyto A-treated lymphocytes,
since most heat-killed cells were sequestered in liver sinusoids after
infusion. Lymph node uptake of colchicine-treated lymphocytes was moderately
reduced until 8'hr after infusion. In reciprocal experiments, where rats
were treated by IP injection of colchicine, normal lymphocytes failed to
home to spleen and lymph nodes.

Quantitative autoradiography of lymph nodes following infusion of un-
treated lymphocytes showed rapid clearance of labeled cells from the lumens
of vessels, passage into the walls of HEV and accumulation in the cortical
parenchyma. Labeled cyto A treated lymphocytes accumulated on luminal
surfaces of HEV, but did not enter node parenchyma by 4 hr postinfusion.

Colchicine-treated cells did not adhere to or migrate across HEV into
lymph nodes; blood samples indicated that most of these cells were
circulating in the peripheral blood.

TABLE III. INTRANODAL DISTRIBUTION OF LABELED LYMPHOCYTES AFTER IV
INFUSION (EFFECTS OF CYTO A AND COLCHICINE)

MEAN NO. LABELED LYMPHOCYTES/IO HPF

Time HEV lumen HEV wall Node cortex
(min) TDL Cyto A Col. TDL Cyto A Col. TDL Cyto A Col.

3 10.1 27.6 1.8 15.8 7.6 0.3 1.0 9,5 0

30 1.8 27.1 3.6 27.8 36.1 4.1 28.8 19.3 1.4

60 0.4 18.3 4.2 12.1 21.5 6.4 150.8 15.6 11.7

240 2.2 14.5 0.8 12.0 19.1 0.9 302.8 57.8 10.0

SEM of lymph node vessels (which had been flushed by perfusion prior
to fixation in order to remove nonadherent cells) was used to measure the
adhesive properties of lymphocyte-homing receptors. Untreated lymphocytes
adhered at a ratio of about 2 lymphocytes/lO endothelial cells in these
preparations. ','P adherent cell index was increased to 5 in lymph nodes

"L- -i
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from animals receiving transfusions of cyto A treated cells prior to
flushing. Some of these adherent lVmDhocytes resembled cyto A-treated
cells shown earlier in in vitro studies. This observation confirmed the
capacity of some cyto A treated cells to recognize and adhere to HEV
surfaces. In contrast, no lymphocytes were found adhering to HEV
surfaces in perfused lymph nodes from rats which were given IP colchicine.

TABLE IV. DETERMINATION OF ADHERENT LUMINAL LYMPHOCYTES

PERFUSION CONDITIONS ACI a + SE

Normal rat nodes (no cells added)
Flushed with dextran/saline (DS) 0.235 + 0.03

Normal rat nodes (+ transfused TDL)
Flushed with DS 30 min after cyto A-TDL, IV 0.535 + 0.09
Flushed with DS 30 min after Col-TDL, IV 0.150 + 0.01

Nodes from rats given 1 Ug/gm Col., IP
(no cells added) Flushed with DS 0 + 0

aAdherent cell index (ACI) = No. adherent lymphocytes
No. endothelial cells

In EM studies of normal nodes, lymphocytes were found which apaeared
to be in the process of migrating when they were fixed aL 370. A cir-
cumferential indentation and bilateral bundles of thickened microfilaments
were seen which suggested the contraction ring proposed by Lewis in
1931 (1).

While normal migrating lymphocytes had symmetrical bundles of micro-
filaments at contraction rings, cyto A-treated cells had eccentric distri-
butions of microfilaments. In addition, clustered filaments were found
at membrane sites where these lymphocytes made contact with the endo-
thelium.

Interendothelial lymphocytes contain microtubules within their cyto-
plasm, beneath the microfilament mat, and adjacent to the perinuclear
cystern. Parallel arrays of microtubules were also seen beneath the
membrane of adjacent endothelial cells.

The HEV endothelium from colchicinized rat lymph nodes lacked its
normal complement of microtubules and fasces of 10-nm filaments were
found randomly coiling through the cytoplasm as early as 30 min after
IP injection.
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These studies have attempted to define the role of microfilaments and
microtubules in lymphocyte recirculation. Cyto A clearly blocks lymphocyte
locomotion in vitro and in vivo without completely preventing lymphocyte
homing to endothelial surfaces, while colchicine treatment of the lymphocytes
or the microenvironment prevents recognition and attachment of these cells to
endothelium at doses which did not reduce motility.

When taken in context of recent models of transmembrane control of cell
surface receptors, these findings suggest that lymphocyte homing receptors
are somehow linked through the membrane to actinomyosin microfilaments. The
distribution or stabilization of these recognition receptors in strategic
locations on the cell surface may be controlled through direct or indirect
connections with microtubules. Stabilization of receptors on HEV endothelium
by microtubules or via connections with 10-nm filaments may provide the
surface against which the force of lymphocyte receptor-redistribution may
be translated into forward movement.

The ability to control the motile apparatus of the lymphocyte without
affecting the ability to recognize and adhere to sites of emigration will
become a useful tool in future studies of antigen-specific homing. Stabili-
zation of cells attached by their homing receptor sites will allow us to make
quantitative assessments of the numbers of "specific" cells called to a
region of the lymph node by antigen or other cell products.

Lymphocyte chemotaxis. Previous studies of lymph node microvasculature
suggested that the structure of the HEV and physiological alterations of the
lymph node microenvironment might establish a chemotactic gradient for
lymphocytes (2, 3). During this past year, we have been examining the feasi-
bility of testing this hypothesis in vitro using a recently developed chemo-
taxis system (4). In this system random migration (.RM) was quantitated by
measuring centripital migration perpendicular to the median axis of the
chemotactic gradient and chemotactic migration (CM) was measured in line
with the gradient. (CM-RM) = chemotactic differential (CD) in microns.
(CM/RM) = chemotactic index (CI); CI must be > 2 for chemotaxis to be proven.
Data summarized in Tables V-VII reflect our progress so far.
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TABLE V, DIFFERENTIAL CHEMOTAXIS BY MATURE SMALL LYMPHOCYTES

AGENT CD CI
(m)

Endotoxin activated serum 620.2 4.35

Activated C3a + C3b 780.8 5.60

Activated C5a + C5b 4.0 1.02

Low MW leukocyte extracts 680.1 5.00

N-Formyl-Met, Leu, Phe 2.8 1.01

N-Formyl-Met Met, Met 3.0 1.10

Activated T cell supernatant 71.3 1.35

Activated B cell supernatant -16.0 0.91

The data (Table V) suggest that mature small lymphocytes of the
type found in thoracic duct lymph (TDL) are selectively attracted by
stimuli associated with chronic inflammation or immunization but are not
attracted toward factors associated with acute inflammation. This is
consistent with previous observations of cellular traffic across HEV
which is restricted to lymphoid cells and excludes PMN except when the
lymphatic tissue is acutely inflamed (3).

TABLE VI. CHEMOTACTIC RESPONSES OF NORMAL AND STIMULATED LYMPHOCYTES
TOWARD ENDOTOXIN-ACTIVATED RAT SERUM

TYPE OF CELLS CD CI
(Gm)

Normal TDL, 90% T, 10% B 132 4.3

T-Cells
Concanavalin A-stimulated TDL

24 hr 16 1.2

48 hr 1410 6.9

B-Cells
LPS-stimulated TDL

24 hr 3 1.0
48 hr 21 1.4
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These data (Table VI) reveal the remarkable mobility of the lectin-
stimulated T cell which is attracted toward a gradient of mixed in-
flammatory mediators produced by endotoxin activated serum, During acti-
vation with concanavalin A these cells go through a refractory stage which
may correlate with microtubule polymerization and membrane receptor stabili-
zation since colchicine treatment permits these cells to migrate normally.
Normal and activated B cells are by nature phlegmatic cells and do not migrate
great distances even when stimulated.

We next investigated whether normal or stimulated lymphocytes would be
attracted to factors released by other lymphocytes. These data are shown
in Table VII.

TABLE VII. CHEMOTAXIS TOWARD FACTORS SECRETED BY OTHER LYMPHOCYTES

SUPERNATANT

LPS-stimulateda spleen cells Con A-stimulated TDL
MIGRATING
CELL TYPE CD (in) CI CD CI

B-blasts 30 1.1 -48 0.8

T-blasts 960 3.8 10 1.0

TDL 14 1.4 18 1.2

a Li1 opolysaccharide

In these experiments, T-blasts appear to be attracted to factors
released by LPS-stimulated B cells while they do not respond to factors
released by Con-A-stimulated T cells. Normal TDL are weakly attracted
to factors released by both T and B cell blasts.

In summary, the chemotaxis studies are adding to our understanding of
the role of diffusable factors in regulating traffic of lymphocytes into
lymph nodes. Some of these studies point to mechanisms by which antigenic
stimulation may alter the composition of lymphoid cells in a lymph node
by causing stimulated cells to release factors capable of selecting
specific classes of lymphocytes.

Lymphocyte scrubbing. During EM studies of lymphocyte recirculation,
unusual structural relationships between lymphocytes and endothelial cells
were occasionally seen. The most obvious of these included phagocytosis
and degradation of anti-lymphocyte globulin-treated lymphocytes.
Occasionally fragments of migrating lymphocytes were pinched off by the
adjacent endothelial cells, while sparing the lymphocyte. On other occasions
active pinocytosis and membrane ruffling was associated with endothelial
membranes which were in contact with anti-immunoglobulin-treated lymphocytes.
Rarely, smooth membrane arrays of tubules were seen emptying into the space
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between endothelial cell and lymphocyte,

These peculiar relationships between endothelial cells and lympho-
cytes, whose surfaces had been altered, suggested that the endothelium
of HEV may remove something from or "scrub" the surfaces of migrating
lymphocytes. To test this hypothesis, we treated TDL with anti-immuno-
globulin FAB2 fragments to which horseradish peroxidase (HRP) had been
conjugated and injected these cells IV into groups of Lewis rats. At
varying time intervals postinfusion lymph nodes were excised, fixed,
and incubated 3,3'-diaminobenzidine tetrahydrochloride solution to develop
the HRP reaction product. These tissues were embedded in Epon and
examined by EM. The HRP reaction product was occasionally seen distri-
buted as patches along the surfaces of adherent lymphocytes within the
lumens of HEV. Occasionally capping and endocytosis of the HRP conjugate
were seen in lymphocytes which had commenced migrating at the moment of
fixation. Closer examination of the space between migrating lymphocytes
and HEV endothelial cells revealed active pinocytosis involving the
endothelial cell membrane. The HRP reaction product was clearly being
removed from the lymphocyte surface through the action of the endothelial
cell membrane. It is not known whether secretion of an enzyme by the
endothelial cells may have preceded pinocytosis or if the endothelial cells
were merely mechanically stripping the conjugate from the lymphocyte
surface. This concept of lymphocyte scrubbing is attractive and has been
suggested by other investigators who used it to explain some of the dis-
crepancies associated with clonal selection, immune deviation and failure
to respond to chronic viral infection. This is the first EM demonstration
that this phenomenon may actually take place at the HEV.

In addition to peroxidase-conjugated anti-immunoglobulin, ferritin-
Con-A conjugates were scrubbed from the surface of migrating lymphocytes.
Lymphocytes with Con-A-ferritin patches may still be seen in the lumens of
HEV up to 2 hr suggesting impeded emigration until the Con-A is removed.

Future studies of lymphocyte scrubbing will deal with removal of anti-
idiotypic antibodies, anti-IgN and anti-IgD. These studies will establish
the immunological importance of scrubbing, since these antibodies pro-
foundly influence in vivo immune reactivity without injuring the coated
cells: this effect is gradually lost as would be expected if the complexes
were removed or degraded.

Adjuvant studies. Complete Freund's adjuvant (CFA) is still the
most effective immunopotentiating agent, despite many years of research
into possible replacements. It has the remarkable ability of potentiat-
ing both delayed hypersensitivity (DTH) and humoral antibody production,
which is a feat that most synthetic adjuvants lack. It is not clear,
however, whether this ability is beneficial. This is underscored by the
fact that CFA has been associated with induction of arthritis, thyroiditis,
orchitis and encephalitis of allergic etiology in exverimental animals.
Since CFA is capable of inducing immunity to a nonreplicating viral
antigen which competes for potency and longevity with immunity induced by
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the same virus in a live-attenuated form, CFA should be positive standard
against which candidate adjuvants should be measured. When this is done,
even the putative minimal molecular congener of CFA pales by comparison.
The following recent studies have attempted to establish a baseline effect
of CFA on the immune architecture of the injection site and the regional
lymph node with emphasis on the cell populations involved and on the dynamic
flux of cells through these tissues. Simultaneously, the ability of CFA to
potentiate an immune response to C-84 inactivated VEE vaccine was studied
in normal and thymectomized rats. Thymectomy of mature rats is thought to
remove the source of immature immunoregulator T cells while leaving the
animal with a normal complement of mature recirculating T cells.

The effects of SC injection of CFA on the local site and the regional
lymph node were studied sequentially in 80 female Lewis rats. These tissues
were studied using histologic, morphometric, microvascular perfusion and
radiokinetic techniques. The initial local response to the deposit of CFA
on day 0-1 was acute inflammation and hyperemia of existing vessels. PMN
and fibrin exudate surrounded the lipid droplets. Between days 2 and 4 the
PMN in and around the oil droplets began to degenerate and release their
granules. On day 2 the surrounding vessels became tortuous. Multibranched,
"cork screw"-like vessels penetrated the oil droplets on day 3. New vessel
growth peaked in the injection site on day 7 as lymphocytes, monocytes and
foam cells began to appear in the oil droplet wall. The PMN reaction was
then finished. On day 14, lymphoid cell clusters and macrophages pre-
dominated; rare epitheleoid cells were present in the interstitium. New
vessel growth was nearing completion as specialized tortuous vessels forming
hairpin loops began to appear. Multiple small tuberculoid granulomas were
first seen in the interstitium outside of oil droplets by day 21. Foam cells
and lymphoid cell clusters were also seen; more specialized "hairpin" vessels
were present. By 28 days new vessel growth had ceased although the "hairpin"
vessels remained at sites of granulomas. Dense connective tissue appeared
to wall off the oil droplets while the granulomas remained prominent in the
interstitium. The oil droplets were completely walled off by 56 days. Large
aggregates of lymphoid cells formed nodules in the interstitium near per-
sisting granulomas and foam cells. Lymphocytes were seen crossing venous
sinuses lined by flat endothelium in both the histological and the perfusion
preparations.

These local changes were impressive and the fact that vascular prolif-
eration at the local site corresponded with degeneration and lysis of PMN
exudates suggested that factors in the PMN granules might influence vascular
proliferation. In addition these PMN may have ingested mycobacteria and
subjected them to lysozyme degradation to produce, endogenously, one or
more muramyl dipeptide analogs. Although systemic adjuvant-like effects
were already taking place, tuberculoid granulomas did not appear at the
local site for at least 21 days. This suggests that granuloma formation
may be the result of adjuvant effects rather than the cause. The effects
of CFA on the regional lymph nodes from this study were quantitated and
are presented in Table VIII.are III
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TABLE VIII. EFFECTS OF CFA ON THE REGIONAL LYMPH NODE.

DAYS HEV
AFTER Node MASS (mg) Total
SC weight T B Trafficb  length
INJECTION (mg) Cortical Follicle LMI index (rm)

0 18 9.0 0.39 0.92 0.94 613
1 38 21.2 0.30 1.43 1.86 618
3 41 26.2 1.19 1.72 3.03 1199
7 53 37.0 1.22 1.35 2.24 1269

14 47 30.5 1.60 1.48 2.87 1251
28 38 22.8 2.17 1.50 l.u3 3145
56 34 19.0 1.70 1.30 1.17 1740

aLMI = No. migrating lymphocytes

No. endothelial cells
bTraffic index = CPM regional lymph node

CPM contralateral lymph node

It is clear from these studies that the principal effects of CFA on

the regional node lay in prolonged enlargement of the T cell cortex.
These changes appear to correlate with both persistently increased
lymphocyte traffic and activation of cortical T cells. In previous
studies of antigen stimulation of regional lymph nodes using skin grafts
or particulate microbial antigens, enlargment of the T-reactive cortex
only persisted until the day 14 and subsequently gave way to germinal
center expansion and plasma cell differentiation. CFA also induced
marked proliferation of HEV which provided expanded endothelial surface
for lymphocyte emigration. Since vascular proliferation in the regional
nodes paralleled angiogenesis at the CFA injection site, it is attractive
to speculate that leukocyte products and/or lymphokines generated
locally may initiate and augment HEV proliferation in the regional
lymph node.

When CFA was injected SC in combination with 0.3 ml of C-84 vaccine
in normal and thymectomized rats marked potentiation and prolongation
of peak titer was produced by CFA in thymectomized rats (Table IX).
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TABLE IX. EFFECT OF THYMECTOMY AND CFA ON C-84 VEE TITERS

C-84 + CFA
DAYS Alone + Thymectomy + CFA + Thymectomy

0

10 80 + 1.2 320 + 1.0 453 + 3.0 1520 + 1.2

18 106 + 1.0 1470 + 1.0 3378 + 1.0 13195 + 1.0

26 557 + 2.1 1463 + 1.7 6629 + 1.2 15229 + 1.1

40 403 + 1.0 422 + 3.1 5090 + 1.3 8830 + 1.1

53 640 + 1.1 840 + 6.0 3599 + 1.5 7687 + 1.1

82 320 + 1.5 277 + 4.1 3578 + 1.4 5072 + 1.2

160 64 + 2.2 53 + 6.1 538 + 1.4 970 + 3.2

Thymectomy produced at least one or two tube dilutions more titer in CFA-C-84
vaccinated rats. Thymectomy produced significant titer increases up to 26 days
in control rats vaccinated only with C-84 vaccine; however, these titers
returned to normal levels for the duration of the experiment. It may be
possible that adult thymectomy, which selectively removed the source of short-
lived T cells but not long-lived recirculating cells, will be a useful tool
in identifying the population of T cells which are responsible for limiting
the magnitude of an immune response.

Collaborative studies with LTC Ascher have shown that muramyl dipeptide
(MDP) augmented delayed cutaneous hypersensitivity (DCH) to viral and bacterial
skin test antigens in a manner similar to CFA when MDP was administered SC
to guinea pigs as a water-in-oil emulsion. MDP did not augment DCH when
given in media. Although a systematic morphological study was not performed,
MDP in oil appeared to produce a fibroblastic and granulomatous inflammatory
infiltrate in foot pads which had been inoculated 14-21 days before.

We achieved a Darodoxical result when trying to assess the effect of
varying the dose of MDP in media or in a water-in-oil suspension on the
production of antibody. The results tabulated in Table X show a reciprocal
relationship of MDP dose to level of antibody on day 14. These data suggest
that there is a dose-related suppression of antibody production following
primary immunization with C-84 antigen in combination with MDP. This
somewhat disturbing observation is not without precedent.

JA
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TABLE X. EFFECT OF MURAMYL DIPEPTIDE DOSE ON THE PRN80 TITER OF
VEE (C-84) VACCINE AT 14 DAYS

MDP _GEOMETRIC MEAN TITER + SD

(pg) In Oil In Media

0 638 + 1.2
0.2 1431 + 1.5 640 + 1.1
2.0 279 + 3.2 452 + 1.3
20.0 10 71 + 1.8

100.0 ND 17 + 1.3
500.0 ND 9 + 1.2

0 (CFA) 1270 + 1.8

None of the published studies claiming adjuvanticity of MDP shows
potentiation of antibody levels following primary immunization. Signifi-
cant elevations of antibody were only seen after secondary boost with
antigen. In their zeal to show the adjuvanticity of MDP those authors
neglected to observe an important difference between the effects of CFA
and MDP, its putative minimal molecular congener. Primary immunization
with CFA + antigen elevated both the primary and secondary immune
responses, while MDP only augmented secondary immune responses. This
effect could be produced if MDP produced a change in the differentiation
of stimulated lymphocytes. It is customary to think of antigen-induced
lymphocyte proliferation as productive of a large number of plasma cell
precursors and T helper cells with relatively few B and T memory cells.
It is possible that MDP causes memory cell production at the expense of
plasma cell differentiation. This hypothesis could exnlain both the DCH
observations shown by LTC Ascher in guinea pigs and the necessity for
secondary boost for antibody augmentation.

When the studies of adjuvant effects of doses of MDP in media or
oil on antibody titers to C-84 VEE vaccine were continued into secondary
vaccination stages, none of the primary responses equaled the levels
obtained by inclusion of the vaccine in Freund's complete adjuvant. In
the secondary responses the result. formed 2 groups, (2) equal or better
than the CFA group and (b) equal to or less than the C-84 control group.
The high secondary titers were produced by 2.0 jig IMP/saline
+ C-84, 0.2 ug MDP/oil + C-84, CFA and C-84, and 20.0 ig 1,MP/saline.
Control secondary titers were produced by C-84 alone, 2.0 ig IMP/oil +
C-84, and 0.2 pg MDP/saline + C-84. The heterogeneous data suggest that
MDP has an inconsistent dose-effect on immunity and requires further
study with respect to mechanisms before its utility as a human adjuvant
can be predicted (Table XI).



104

TABLE XI. EFFECT OF MDP IN SALINE OR IN OIL ON IMMUNITY OF VEE C-84 VIRUS

GEOMETRIC MEAN TITER OF C-84 + MDP VACCINE + SALINE (OIL)

C-84 0.2 pg 2.0 jig 20.0 pg C-84 +

DAY ALONE MDP MDP MDP CFA

Primary:

7 113 40 (105) 95 (22) 31 (<10) 31

14 97 253 (557) 452 (63) 63 (<10) 2100

31 861 1015 (1463) 905 (100) 806 (<10) 5034

42 430 1269 (1280) 1280 (63) 403 (<10) 3422

56 640 1015 (1463) 1280 (63) 640 (<10) 3778

86 430 403 (1273) 1522 (50) 320 (<10) 2085

Secondary: (Day 86)

7 2549 2539 (5095) 10000 (4031) 8000 (15) 6370

14 3026 2015 (6660) 8458 (2539) 6349 (14) 8000

28 2544 1600 (8746) 10000 (4031) 8000 (20) 6349

42 2152 1007 (8746) 10000 (2015) 5039 (14) 8000

56 1280 640 (5059) 5079 (1600) 1612 (10) 2560

86 905 806 (3598) 5079 (1600) 1600 (7) 3200
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Association of Pathologists, Atlantic City, NJ, 9-14 Apr 78 (Fed. Proc.

37:591, 1978). 1*.
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6. Anderson, A. 0. Lymphocyte homing and recirculation,
Presented, Washington Pathology Society, Bethesda, MD, 23 May 78,

7. Anderson, A. 0, Control of lymphocyte recirculation.
Presented, Department of Bacteriology and Immunology, University of
Glasgow School of Medicine, Glasgow, Scotland, 7 June 78.

8. Anderson, A. 0., N. D. Anderson, and J. D. White. Basic
mechanisms of lymphocyte recirculation. Presented, VI International
Conference on Lymphatic Tissues and Germinal Centers in Immune Reactions,
Damp/Kiel, Germany, 11-16 June 78 (Z. Immun. Forsch. 154:298, 1978),

9. Anderson, A. 0. Importance of transmembrane cytoskeletal
control of cell surface receptors in lymphocyte homing and emigration.
Presented, Gordon Research Conference on Immunochemistry and Immuno-
biology, Plymouth, NH, 4 Aug 78.
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mechanisms of lymphocyte recirculation. Advan. Exp. Biol. Med. In press.
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BODY OF REPORT

Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 011: Development of Arbovirus Vaccines for Disease

of Military Importance

Background:

The need for attenuated dengue (DEN) virus vaccines is self-evident
in view of the health problems posed by these agents in many tropical and
semitropical areas. As part of a joint effort coordinated and supported by
USAMRDC, attenuated vaccines for all 4 DEN serotypes are being developed at
WRAIR (DEN-2 and -3), at the University of Hawaii School of Medicine
(DEN-4), and at USAMRIID (DEN-l).

Our DEN-l program is at an earlier stage of development than are the
others. Thus far, we have adapted 3 human DEN-I isolates to acceptable cells
(DBS-103), performed plaque-to-plaque passages to obtain pure subpoDulations
and carried out some temperature sensitivity and mouse and monkey virulence
studies. Much emphasis was placed this year on increasing the sensitivity
of the monkey viremia assay system, due to the singular importance of this
marker in documenting decreased virulence.

Progress:

As reported last year (1) 3 DEN-I strains, isolated from human serum
specimens and adapted to grow to - 106 PFU/ml in DBS-103 cells, were subjected
to plaque-to-plaque passage in these cells to select small plaque subpooula-
tions (or variants). More than 30 such subpopulations were isolated from the
DEN-l, #1, #2 and #3 "parents" (7th passage material in DBS-103 cultures).
During the year baseline data were accumulated on the 3 "parent" strains and
selected plaque variants, with emphasis on the PL-2 variant from the DEN-I
#1 "parent." The PL-2 variant is a consistently small (1-2 mm) plaque former
which had shown the greatest promise on preliminary evaluation (1).

Temperature sensitivity (ts) studies. Two types of ts studies are
employed to determine "markers" of presumed, altered virulence. In the first
type, direct plaquing at temperatures of 35 to 40C in selected cultures,
e.g., BS-C-l or LLC-MK?, is employed. In this test one is simply comparing
the ability of "parent viruses and selected clones to form plaques at given
temperatures. In theory, attenuated clones should be restricted at higher
temperatures in comparison with the "parent." In the second ts test, growth
curves are conducted in selected, fluid-overlaid cell cultures, e.g., BS-C-I,
LLC-MK2 , DBS-103, IMR-90 and WI-38, at the temperatures noted above. Again,
it is anticipated that the less virulent clones or variants will be restrict-
ed in terms of peak virus release as temperatures are increased vis-a-vis

parent" virus which should exhibit higher permissive temperatures. It should
be noted, however, that neither ts test is an absolute "marker" of altered
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in vivo virulence, although experience with DEN-2 and DEN-3 strains
indicated that either test may be used to screen selected clones for
further study (2; P. K. Russell, WRAIR, personal communication).

The PL-2 vaccine candidate strain has been assayed for ts by the
direct plaquing methods. As shown in Table I all 3 "parent" viruses
were plaqued at 35°C in new LLC-MK2 cells obtained from WRAIR. (These
new cells vary significantly from the MK cells that previously were
used at USAMRIID, but are now available ior general use.) In addition
DEN-l #1 "parent" and PL-2 were tested both at 35 and 39.3 0 C. Both
exhibited about 1 logl0 drop in titer when assayed at 39.3'C. Clearly,
PL-2 which is a plaque-purified, small plaque variant, is not ts in
terms of this test as compared with parent virus.

TABLE I. PLAQUE FORMATION BY PARENT DEN-l VIRUS AND THE SMALL PLAQUE,
PL-2 STRAIN, IN LLC-MK2 CELLS AT 35 AND 39.3

0 C
2

VIRUS PFU/ml

350C 39.30C

DEN-l #1 1.9 x 106 8.7 x 104
"parent"

DEN-I #2 1.2 x 107 N.T.a

DEN-I #3 4.8 x 106 N.T.
PL-2 6.6 x 106 2.9 x 10 5

aN.T. = not tested.

Due to mechanical failure of one of our water bath's temperature
controller/circulator, data are still being accumulated from growth curve-
type ts evaluations of DEN-l #1 parent vs. PL-2 in a variety of cell
cultures at 35 and 39*C. However, in evaluating several types of cell
cultures for their applicability, certain information has been accumulated.
Table II summarizes typical qualitative results.



110

TABLE II. EVALUATION OF CELL CULTURES FOR USE IN GROWTH CURVE STUDIES OF
PARENT DEN-I VIRUS AND THE SMALL PLAQUE, PL-2 STRAIN AT 35 and 390C

CPE BY DAY POSTINOCULATIONa
TEMP (Parent/PL-2)

CELL TYPE 0C 3 4 5 6 7

DBS-103 35 N.R.b  1+/+ 2+/1+ 3+/2+ 3+/3+
39 N.R. 1+/- 1+/ - i+/ - 1+/ -

LLC-MK-2 35 -/- +/+ 1+/i+ 1+/i+ 1+/i+
39 -/- +/+ +/ + 1+/i+ 1+/I+

WI-38 35 -/- N.R. 3+/2+ 4+/4+ 4+/4+
39 +/- N.R. 2+/1+ 3+/1+ 3+/1+

BS-C-l 35 1+/2+ 1+/2+ l+/l+c  
-

39 1+/i+ _/ _c _/ _c -

aA given cell type was inoculated with the same virus input and then

randomly placed at either 35 or 390; inputs ranged from 105-106 PFU.
bN.R. = not recorded.

CBy days 4 to 5 postinoculation control cultures of BS-C-I have shown
2+ to 4+ CPE, thus negating results.

In all cases CPE readings of control cultures have been subtracted from
those for infected cultures. As a result of these evaluations the following
generalization can be made: (a) BS-C-l cultures are unsuitable for these
studies since 3+ to 4+ CPE occurs in controls by day 4 or 5, particularly
at 39 or 40°C, (b) WI-38 and DBS-103 controls hold up better than other
cultures at higher temperatures and also exhibit differences in degree of
CPE between parent and PL-2 at the higher temperatures; and (c) LLC-MK
cultures fall between the other 2 groups of cells in terms of heat lability.
That is, 1+ or occasionally 2+ CPE occurs at higher temperatures, but no
differentiation can be made between parent and PL-2 in terms of CPE produced.
Further studies of this ts "marker" system will be made using both WI-38, a
human cell strain and LLC-MK cells. Fortunately, a broad data base is avail-
able for DEN-2 and DEN-3 using this last cell system, which should proveuseful for comparative purposes.

Suckling mouse (SM) virulence marker. In an earlier report we noted that
in one test a clear difference was seen between PL-2 and DEN-I #1 parent virus
in terms of titer in SM inoculated intracerebrally (IC) (1). These tests
have been repeated using a variety of mouse sources, including the WRAIR mouse
colony, upon which all of their DEN-2 and 3 data are based. In no case could
we confirm our earlier data. In fact, upon switching to WRAIR mice exclusively
it became quite apparent that with DEN-I parents and clones, one can expect



only scattered deaths that are not dose-related. This held true even for
the new seed viruses prepared in primary green nonkey kidney (PGMK). Thus
the mouse virulence marker cannot be used for the isolates with which we
are working. It should be noted that this marker is not crucial to DEN
vaccine programs. For example, the other programs such as that of DEN-3
at WRAIR has the same problem while the University of Hawaii DEN-4 program
suffers from the reverse problem, viz. both parent and vaccine candidates
kill SM via the IC route with no appreciable differencesbeing documented
between the "parent" and "avirulent clones."

Preparation of new "parent" virus seeds in PGMK culture. During the
course of this year's studies we became concerned that our original DBS-
103-grown DEN-I #1, #2 and #3 "parent" viruses may have been attenuated
simply due to the 7 serial passages made in these cells from the original
human serum specimens. We therefore carried out 3 serial passages in
PGMK cell cultures to produce new "parent" viruses which would hopefully
retain their presumed ability to induce viremia in monkeys. These new
"parent" viruses were intended simply to be used as controls in monkey
viremia, mouse virulence and ts studies. Shown in Table If are the
results of plaque assays on the first passage of the 3 isolates.

TABLE III. REISOLATION OF 3 DEN-I VIRUSES FROM HUMAN SERUM SPECIMENS IN

PGMK CELL CULTURE

ORIGINAL DAY POST
SERUM INOCULA- PFU/ml (SIZE)
NO. TION BS-C-1 SW-13

DEN-I #1 7 6.0 x 103 (0.5 mm)
10 b.5 x 105 (0.5 mm)
14 1.8 x 106 (0.5 mm) 1.8 x 106 (0.5 mm)

DEN-I #2 7 3.6 x 102 (0.5 mm)
10 1.4 x 104 (0.5 mm)
14 1.2 x 106 (0.5-6.7 mm) 7.5 x 105 (0.5 mm)

DEN-I #3 7 0
10 5.8 x 103 (0.5 mm)
14 6.8 x 104 (0.5 mm) 1.9 x 10 4 (0-5 mm)

DEN-i #3 - 2.3 x 106 (0.5-4.0 mm) 4.9 x 106 (0.5-5.0 mm)
P 7, 103

As indicated, high titers were achieved with DEN-i i and #2 by day 14
postinoculation; DEN-I #3 reached ncarly 5 loglo PFU/ml. In the sub-
sequent 2 passages in PGMK culture preliminary litrations showed that

titers were similar with the exception of a slight increase to >5 log 10
PFU/ml for #3 isolate. Of some interest here is the fact that all 3

-AN



112

PGMK-grown isolates exhibited very small plaques (0.5 mm) both on BS-C-l
and SW-13 cultures. The DEN-I #3 p-7, DBS-103 control is indicative of the
plaque sizes and range we have always seen with the DBS-103-grown "parents,"
the preponderance being in the 1-2 mm range. Recently, similar observations
have been made with the new Caribbean isolates of DEN-I (Dr. Brandt, WRAIR,
personal communication). As indicated above these newly isolated strains
did not exhibit any more virulence for SM via the IC route than did the same
isolates when grown out on DBS-103 cultures.

Rhesus monkey viremia (marker) studies. Due to a lack of sufficient
biological containment holding space for monkeys (until just recently) only
2 monkey studies were taken to completion, with 2 others in progress now that
containment restrictions have been modified. All studies are being conducted
in cooperation with MAJ Stephen, AA Division.

One of the generally accepted "markers" of decreased virulence for
attenuated DEN virus strains is a depression of viremia in rhesus monkeys
as compared to parent viruses from which the strains were derived. To test
this in vivo "marker" for one small plaque variant (PL-2), 2 monkeys each
were inoculated SC with approximately 105 PFU of either parent virus (DEN-I
#1, 7th DBS-103 passage) or the PL-2 variant. Serum specimens were obtained
on days 0 and 1-10 postinoculation for viremia determinations .nd on days
0, 14, 30 and 60 for 80% plaque reduction serum neutralization PRIl tests.
Clinical observations were made daily during the course of this first study.

By day 30 postinoculation all 4 animals had converted serologically
showing PRN80 of 1:40 and > 1:160 for those given parent virus and 1:10 and
1:40 for those given PL-2. As tested by direct plaquing on LLC-MK2 cells
no virus was detected in any specimens taken on days 1-10 postinoculation;
a repeat test confirmed this. Since WRAIR at the time had experienced
similar difficulties in direct plaquing from human specimens (Dr. Brandt,
personal communication) it was agreed that all future viremia determinations
would be conducted not only by direct plaquing, but also by inoculation of
appropriate liquid-overlaid cell cultures with subsequent plaque assay of
culture fluids (allowing 7-10 days for outgrowth). With regard to clinical
evaluation, as expected the monkeys presented no signs of dengue infection.

After extensive discussion of th,!se earlier results with WRAIR personnel,
a consensus was reached that the "parent" virus, which was obtained by direct
passage of DEN-I #1 from human serum into DBS-103 cells (a total of 7 passages
were made), may have been attenuated for monkeys to a large degree simply
through environmental pressures peculiar to this virus/cell combination. If
this were indeed the case, it would have explained the absence of viremia in
monkeys given the "parent" virus. Thus, it was possible that we had a
candidate vaccine strain but could not prove it at least in terms of
decreased monkey virulence. As a result we carried out the serial passage
from the original human serum specimens in PGMK cell cultures as described
above. At the time, this decision was based on the fact that WRAIR's DEN-2
"parent" strain produced viremia in rhesus monkeys even after 6 serial
p'ssages in PGMK culture
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Thus, a second study was initiated in which 3 monkeys each were
inoculated SC with the new PGMK-grown parents. On days 1-10 serum was
obtained to determine viremia by 2 methods: (a) the direct plaque
technique on LLC-MK2 and/or BS-C-l cultures, and (b) a qualitative method
in which monkey serum specimens are inoculated onto SW-13 cultures
(highly susceptible cells) under liquid medium with subsequent plaque
assay of the culture fluids after 8-15 days outgrowth. Additional serum
specimens were obtained on days 0, 14, 30 and 60 postinoculation for PRN80
tests. Monkeys were observed daily for signs of illness.

As shown in Table IV, all monkeys were infected as indicated by their
day 30, PRNS0 titers; these tests are being repeated in new, low-passage
BS-C-l cultures to get absolute titers. Viremia results were more
encouraging than any we have previously observed. Although occasional
spurious plaques were obtained in the BS-C-l systems, the LLC-MK 2 system
clearly detected virus, most often on days 3-7. Only one monkey, T-302,
was negative for virus on all 10 days when tested in this manner. Signifi-
cantly, all direct plaquing with undiluted serum yielded negative results,
whereas dilution of serum 1:2 prior to testing yielded the positive
results indicated. Further the indirect outgrowth methods in SW-13
cultures not only confirmed the viremias detected by the direct plaquing
technique but also detected virus that was not demonstrable by the former
technique. It should be noted that with the direct plaquing method in no
case were 2 to 3 loglo PFU/ml obtained as was the case with DEN-2. In
this second study most titers were between 1.0-1.8 log10 PFU/ml. Con-
firmatory titrations are being made on low passage BS-0-l and LLC-MK2
cultures by the direct plaque technique. Upon completion reliable
quantitative data will be reported in detail.

TABLE IV. RESPONSES OF RHESUS MONKEYS TO SC INOCULATION OF PGMK-GROWN
DEN-I VIRUSES

MONKEY INOCULUM
NO. Identification Titer VIREMIA RECIP. PRN8 0 TITER

(PFU) (Days 1-10) (Day 30)

T-307 DEN-i #1 pl PGMK 105.8 + > 20

T-303 + > 20

B-7050 + > 20

T-309 DEN-i #2 pl PGMK 105.7 + > 20

T-302 > 20

4837 + > 20

T-308 DEN-I #3 pl PGHK 104.2 + > 20

T-277 + > 20

B-6973 + > 20
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It should be emphasized that the acquisition of a monkey "marker" is
of great imoortance to the DEN-I program. At the recent Dengue Vaccine
Task Force Meeting (WRAIR, June 1978) the concensus was that the ultimate
test of avirulence for man is the inability of vaccine candidate strafhs to
elicit viremia in rhesus monkeys. Mouse virulence, plaque size and ts
markers were considered excellent for use as "screening" aids, but could not be
accepted as absolute markers of avirulence in the absence of the monkey
"marker." Extensive discussions at this meeting also brought to light
problems encountered by others in detecting both viremia in monkeys and
man. Unfortunately no data base or DEN-I virus specimens with known monkey
virulence were available from any of the acknowledged dengue experts in
attendance. It was once again emphasized, however, that both direct plaquing
and outgrowth (or enrichment) procedures would be routinely employed; also,
sampling for viremia as late as day 14 was also mentioned as a possible
improvement on the heretofore standard 10-day viremia sampling period. In
an effort to aid us in evaluating and refining our assay systems, WRAIR
recently provided us with two DEN-I strains, which may cause viremia in
monkeys (#13802 and Corec A). Recently these have been inoculated into
2 rhesus monkeys each. Serum samples taken on days 1-14 will be tested as
described above for virus content; routine serology will also be performed.
To reiterate, it is of utmost importance that: (a) "parent" viruses be
capable of producing detectable viremias in monkeys, so that we can demonstrate
the lack of this characteristic in vaccine candidates and (b) the most sensi-
tive virus assay systems available be developed or modified to this end. Much
effort will be spent on this portion of the DEN-I program for the next few
months.

Additional "marker" and other studies. In an attempt to define addi-
tional "markers" for the small plaque variant (PL-2) candidate vaccine
strain, growth curves at 35*C were obtained for Lhe PL-2 strain in the
following cell cultures: DBS-103, WI-38, and IMR-90. Parent viruses (DEN-l,
#1, #2 and #3) were used as controls in this study. It was hoped that some
differences would be seen between the parents and the small plaque variant
either in terms of degree of CPE produced during a 7-day incubation period, or
in terms of virus yields. All cultures received approximately 105 PFU of the
respective viruses. Samples for subsequent titration in BS-C-I cultures
were taken on days 3-7, at which times CPE was recorded (Table V). Con-
siderably less CPE was elicited by the PL-2 strain in both WI-38 and IMR-90
cell cultures through day 6, although clearly visible differences could be
seen by day 3. In a repeat study using only IMR-90 cultures it was again
possible to clearly distinguish the degree of CPE produced by the PL-2 strain
and the parent virus, DEN-l, #1. Interestingly, no consistent marked
differences were noted in the virus yields of the 4 DEN-1 strains in the
3 culture types tested. Although further confirmation must be obtained in
a "double-blind" study it would appear that a useful in vitro marker has
been defined.
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TABLE V. CPE PRODUCED IN CELL CULTURES BY 4 DEN-I STRAINS

DAY POST- VIRUS CPEa BY CELL TYPE
INOCULATION STRAIN DBS-103 WI-38 IMR-90

3 DEN-I #1 + 1+ to 2+ 1+ to 2+
" #2 + i+to 2+ 1+ to 2+
" #3 + 1+ to 2+ 1+ to 2+

PL-2 + + +

4 DEN-i #1 1+ 2+ to 3+ 2+ to 3+
" #2 1+ 3+ to 4+ 3+ to 4+
" #3 1+ 3+ to 4+ 3+ to 4+

PL-2 1+ + to i+ +

5 DEN-i #1 2+ 3+ to 4+ 3+ to 4+
" #2 2+ 3+ to 4+ 3+ to 4+
" #3 2+ 3+ to 4+ 3+ to 4+

PL-2 2+ 1+ 1+

6 DEN-I #1 3+ 4+ 4+
" #2 3+ 4+ 4+

" #3 3+ 4+ 4+
PL-2 2+ 2+ 2+

7 DEN-i #1 4+ 4+ 4+
" #2 4+ 4+ 4+
" #3 4+ 4+ 4+

PL-2 3+ 3+ 3+

aControl cultures appeared normal throughout the incubation period.

As reported previously (1) the DEN-I #3 "parent" has not plaqued

consistently in DBS-103 cultures. However, in an effort to obtain more
clones to screen as vaccine candidates, we are again attempting to perform
plaque-to-plaque purification of this isolate using the 7th DBS-103 passage
("parent") as starting material. On the first plaquing attempt 19 plaques

were detected by microscopic examination, and placed in suspension with

50% FCS and HBSS for subsequent sizing and titration in BS-C-l and LLC-MK2

cells and to use for the 1st plaque-to-plaque passage. Unlike plaque
suspensions obtained from DEN-I #1 and #2, these suspensions exhibited

extremely low titers, 1-3 PFU/ml to a maximum of approximately 103 PFU/ml

in only 2/19 plaque pick suspensions. In the BS-C-l plaque system
virtually all the plaques observed are 2 mm in diameter, with very few at
the 3-mm level. The first plaque-to-plaque passage attempt yielded no
plaques; however, due to the low titers of the suspensions and the low
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plaquing efficiency of the virus in these cells, limited success was
expected. Repeated plaquing from these suspensions proved fruitless.

It should be noted that additional cloning is being attempted con-
currently from the other 2 DEN-I "parents" as well as from plaque
suspensions of both "parents" at various stages of plaque purification.
All clones thus obtained will be screened for the direct plaquing ts
"marker." Those possessing the ts marker will be further evaluated.

Work with the hydroxylapatite column chromatographic technique described
last year (1) was discontinued early in this reporting period. The main
reasons were: (a) a wide range of pH and phosphate buffer molarities failed
to produce pure large or small plaque separation, although extremely shallow
gradients were admittedly not evaluated; and (b) in view of the many other
markers employed in all the DEN vaccine programs, the need for and signifi-
cance of this marker were subject to reappraisal. No further collaborative
effort with Dr. Jahrling in this area is anticipated.

In-progress and future studies under this work unit, in addition to
those already mentioned will include the following: (a) isolation and
characterization of additional clones from large volume Caribbean serum
specimens to be supplied by COL Russell; (b) reevaluation of the DBS-103
pass-7 "parents" and selected clones in rhesus monkeys using the improved
viremia assay system described herein; (c) establishment of additional
markers of avirulence such as sensitivity to polyanions such as heparin or
dextran sulfate and (d) use of alternate passage of selected parent viruses
in CEC and DBS-103 culture in an effort to attenuate the viruses by adapting
to cells from an unnatural host (i.e., chickens). Such an approach has
shown promise in the Machupo vaccine program (3).

Presentations:

1. Cole, F. E., Jr. Progress with Dengue-i vaccine. Presented at the
Dengue Virus Vaccine Workshop, WRAIR, Washington, DC, 6 Jun 78.

2. Cole, F. E., Jr. Problems in viral vaccine development. Presented

at Program Status Review, USAMRDC, Fort Detrick, MD, 9 Aug 78.

Publication:

Eddy, G. A. and F. E. Cole, Jr. 1978. The development of a vaccine
against African hemorrhagic fever, pp 237-242. In Ebola virus hemorrhagic
fever (S. R. Pattyn, ed.). Elsevier/North-Holland Biomed Press, New York.
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BODY OF REPORT

Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 012: Studies in Immunization of the Respiratory

Tract

Background:

Pseudomonas pseudomallei, causative organism of melioidosis, has

been considered a potential threat agent requiring medical defense
considerations. It also produces natural infections of significant
military importance. The organism is easily produced at high concentra-

tions in large volumes, and its production requires no sophisticated

facilities. It is infective by the aerosol route as well as through

skin abrasions, pounds or ingestion. The disease is endemic in tropical

and subtropical areas of SE Asia where the organism exists as a free-
living saprophyte; 30% or more of the adult populations of these areas

have had subclinical exposure to melioidosis (1).

By contrast, the disease has been seen in the U.S. primarily in

people who have returned from countries where it is known to exist.
It seems reasonable to predict high casualty rates in such an unprotected

population as a consequence of exposure to aerosols of this agent.
There are at present no immunoprophylactic procedures recommended for

the disease.

Its management depends almost entirely on antibiotic therapy.
However, severely ill patients require large antibiotic doses which
must be maintained until after pulmonary lesions are resolved (2), and

even then, bacteriological relapse may occur.

Studies were initiated to increase fundamental knowledge on the
mechanisms of pathogenesis and immunogenesis of respiratory melioidosis

that would be useful in developing means for its management.

Progress:

Development of an infection model in mice and hamsters. Since

our studies are concerned primarily with respiratory melioidosis, we

soug:ht a suitable small animal susceptible to infection by the
respiratory route. Pathogenesis of 2 strains of P. pseudomallei obtained
*rom .*TCC" 23343 and 11668, was studied.

%rain 11668 proved essentially avirulent for both mice and hamsters.

Both , ecie.s survived large doses administered by either the IN or IP

route without overt signs of illness. Strain 23343 was extremely virulent

for hatsters, but not mice; 50% of the hamsters given 20 CFU by either
the TP, IN, or aerosol route died within 2-3 days.
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Bacteriological assays of tissue from hamsters exposed to
aerosols of 23343 demonstrated that the bacteria multiplied rapidly
in the lungs (Table I).

TABLE I. REPLICATION OF P. PSEUDOMALLEI IN HAMSTERS FOLLOWING
INHALATION OF 300 CFU (n = 2)

LOG 10/ORGAN

HOURS AFTER Blood
EXPOSURE Lung (1 ml) Liver Spleen

8 1.1 0 0 0

24 5.7 0.7 2.9 0

48 8.4 6.0 6.9 6.8

72 7.0 5.7 8.0 7.5

There was a progressige pulmonary spread of the infection with
concentrations reaching 10 organisms/lung at 2 days. Blood
stream invasion was apparent by 24 hr. Replication in liver and
spleen, although lagging slightly behind that in the lung, reached
similarly high levels within 3 days. None of the hamsters
survived beyond 3 days.

During this rapidly fatal infection, macroscopic lesions
often were not apparent in organs other than the lung. However,
in a few of the hamsters given high doses, in addition to almost
complete hemorrhagic pulmonary consolidation, spleen and liver
had many small discre.te lesions: occasionally a purulent dissolution
of the eyes occurred.

Because of the rapid course of the disease in hamsters, they
are of only limited usefulness in studies of chronic melioidosis,
immunizing procedures or evaluation of therapeutic agents. Although
mice are resistant to this organism, Nigg et al. demonstrated
that its virulence for mice could be enhanced by serial intra-
cerebral (IC) passage (3). Be ed on these procedures, a series
of IC passages of 23343 was initiated in mice. Data in Table II
indicated that 20 IC passages of infected brain tissue reduced the
LD from >10,000 to <20 organisms when administered by the IC
rou e, but no change in virulence was apparent when the same
material was administered IP. However, 5 subsequent passages of
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infected spleen tissues by the IP route resulted in a dramatic increase
in virulence when administered by the IP, IN or aerosol route: 50%
of the mice died within 5-7 days after receiving a dose of <20 CFU.

TABLE II. SERIAL PASSAGE OF P. PSEUDOMALLEI (ATCC 23343) IN MICE

ROUTE AND
PASSAGE NO. LOG1 0 ORGANISMS/LD5 0 IN MICE
IC IP INOCULUM IC IP IN AEROSOL

0 0 Culture >4.7 >4.7 >4.7

2 0 Brain 4.0

11 0 Brain 2.5

20 0 Brain <1.3 >4.7

20 1 Spleen 4.0

20 5 Spleen <1.3 <1.3 2.4

Data in Table III indicate that the rapid multiplication of the
adapted strain in mice and the gross pathology observed were similar
to what was seen in hamsters.

TABLE III. REPLICATION OF PARENT AND HOUSE-ADAPTED P. PSEUDOMALLEI
IN MICE AFTER IN INOCULATION OF 200 CFU (n = 2)

LOGIO CFU/ORGAN

DAYS AFTER MOUSE-ADAPTED PARENT
INOCULATION Lung Liver Spleen Lung Liver Spleen

1 4.9 0 0 3.0 1.6 1.7

2 7.8 6.9 0 4.7 4.1 0

3 8.3 6.6 6.7 4.0 0 0

7 Died day <4 2.9 0 0

23 2.9 1.0 0

55 2.6 0 0

76 3.2 1.0 0
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The parent strain replicated; significant numbers persisted
in the lungs of mice, but peak concentrations were 3-4 logs lower

than those seen with the adapted strain and apparently did not
reach critical levels. Viable organisms were detected only
sporadically in other organs; mice exhibited no ill effects of the
infection. None of the mice died by 76 days after exposure;
preliminary histopathological examinations have not revealed any
significant pathological lesions. In anticipation of its
usefulness as a chronic disease model, these experiments will be
expanded to characterize pathologic changes induced by this
apparently benign infection.

Immune response of hamsters to vaccination. While the
infection model work was progressing, experiments were initiated
to obtain baseline data on immune response patterns in hamsters
vaccinated with either formalin-killed virulent organisms (strain
23343) or the live, but avirulent, strain 11668. Groups of
Golden Syrian hamsters were inoculated with either 109 killed
cells or 106 live, avirulent cells either singly or as 4 replicates
given at weekly intervals. In each case, 1/2 the dose was given

IN and 1/2, IP. At selected intervals after inoculation, samples
of whole blood were assayed for lymphocyte transformation based on
the incorporation of tritiated thymidine; sera and bronchoalveolar
lavage fluids were assayed for antibody by IFA procedures;
spleen lymphocytes were collected from each hamster for measurement
of migration inhibition factor (MIF) activity.

As shown by data in Table IV, a single dose of either antigen
stimulated development of significant levels of humoral antibody.
Titers in hamsters vaccinated with the killed preparation peaked
at 3 weeks, then started to diminish.

TABLE IV. IFA ANTIBODY TITERS OF FAMSTERS FOLLOWING PRIMARY
INOCULATION WITH KILLED LIVE P. PSEUDOMALLEI

GEOMETRIC MEAN IFA TITER BY DAYS

VACCINE 3 7 14 21 28 35

Formalin-killed, 23343 0 156 195 319 135 94

Live, avirulent 11668 0 177 135 102 102 ND

Antibody titers in live-cell vaccinated animals peaked even
earlier, but by 4 weeks were only slightly lower than in hamsters

vaccinated with the killed preparation. We were unable to detect
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significant levels of antibody in concentrated bronchoalveolar lavage
fluids from any vaccinated hamsters.

The role of lymphokines in host defense against P. pseudomallei
is largely unknown. However, these infections are known to provoke
a state of delayed hypersensitivity in some cases. Thus, it seemed
important to assay for increased MIF or blastogenic factors in vaccinated
animals. Unfortunately, efforts to assay these factors have not been
successful. Despite manipulations of the assay procedures, including
varying cell concentrations and testing the effects of various
concentrations of homologous antigens, as well as the T-lymphocyte
mitogen, PHA, no increased blastogenesis was detected; results of MIF
assays have been equivocal. Guinea pigs will be employed instead of
hamsters in subsequent efforts to examine the role of lymphokines in
host defense against P. pseudomallei.

Four weeks after vaccination, groups of hamsters given each type of
vaccine as a single dose or as 4 replicate doses were challenged with
50 LD5 0 of virulent strain 23343 presented as an aerosol. A group of
hamsters given a placebo consisting of heart infusion broth as a dual
IN and IT inoculation was challenged in a similar way. Table V shows
the geometric mean antibody titer of each group at the time of challenge,
an indication of gross lung pathology observed in hamsters that became
moribund after challenge, and the estimated survival rates.

TABLE V. EFFECT OF VACCINATION ON RESISTANCE OF HAMSTERS TO SPA
CHALLENGE WITH 50 RESPIRATORY LD50 OF P. PSEUDOMALLEI

IFA TITERa  MEAN LUNG
REGIMEN VACCINE N AT CHALLENGE LESION SCORE SURVIVAL

Single Saline, control 40 0 3+ 0

Live, 11668 20 102 3+ 0

Killed, 23343 40 135 0 38

Replicate Live, 11668 10 135 3+ 0
(4)

Killed, 23343 10 216 0 70

aGeometric mean of reciprocal
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All of the sham-vaccinated hamsters 
and those that received the

live avirulent vaccine were dead within 4 days postchallenge.
Abscesses of varying size, some surrounded by areas of hemorrhagic
consolidation, were distributed over approximately 75% of the lungs.

Thirty-eight percent of those that received a single dose of
the killed preparation survived even though their antibody levels
were only slightly higher than those of live-cell vaccinated hamsters.
Repeated vaccination with both preparations stimulated a small
increase in antibody titer obtained, and significantly increased
protection in those given killed vaccine; however, the live-cell
vaccinated hamsters were not protected. Apparently, antibodies
stimulated by the attenutated strain are not directed against
virulence factors of the virulent strain. IFA procedures may not
be sufficiently discriminating to detect these differences.

Publications:

Scott, G. H., E. L. Stephen, and R. F. Berendt. 1978.
Activity of amantadine, rimantadine, and ribavirin against swine
influenza in mice and squirrel monkeys. Antimicrob. Agents
Chemother. 13:284-288.
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Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 013: Enhancement of Inactivated Viral Vaccines of

Military Importance

Background:

Prophylactic immunization using vaccines is generally considered one
of the most effective methods for control of infectious diseases. How-
ever, when inactivated vaccines are used, adjuvants, which act nonspecifi-
cally to enhance immune responsiveness to a specific antigen, are frequently
needed to achieve long-lasting effective immunity. Certain substances
which induce interferon appear to be promising antiviral agents as well as
effective modulators of host immunity. Previous reports (1) have described
the successful use of the interferon inducers, lysine-stabilized poly(I)"
poly(C) [poly(ICLC)] and poly(A).poly(U) [poly(AULC)] as adjuvants with
several marginally antigenic virus vaccines. Fmphasis is presently
directed towards completing poly(ICLC) adjuvant studies and identifying
other compounds with adjuvant activity for use with inactivated vaccines.

Progress:

Adjuvant studies with poly(ICLC) in hamsters given inactivated
alphavirus vaccines. Last year, we reported that poly(ICLC) combined with
either inactivated EEE or WEE virus vaccines was an effective adjuvant for
conferring in hamsters significant dose-related temporal protection against
homologous virus challenge (1). To extend these observations, the last of
a 3-part study was completed to assess poly(ICLC) as an adjuvant for en-
hancing the immunogenicity of 3 inactivated alphavirus vaccines, WEE, EEE
and VEE in hamsters. Hamsters were considered the animal model of choice
for conducting protection studies, since all 3 viruses cause lethal in-
fections following IP virus challenge. Groups of hamsters were inoculaed
with VEE virus vaccine and graded doses (25-200 pg/kg body weight) of
poly(ICLC) in accordance with previously described methods (1). Adjuvant
doses of poly(ICLC) given in conjunction with VEE vaccine were shown to
be highly effective in conferring hamsters significant (P < 0.05) enhanced
resistance against VEE virus challenge when compared to vaccinated controls
(Table I).

Poly(ICLC) is known to be a potent interferon inducer in several
species of laboratory animals (1). Accordingly, we investigated the poly-
(ICLC)-induced interferon responses in hamsters given adjuvant plus the
3 inactivated alphavirus vaccines. Groups of 12 hamsters each were inocu-
lated SC with either EEE, WEE, or VEE virus vaccine alone, or combined
with 200 wg/kg of poly(ICLC). Controls were given poly(ICLC) only. Serum
interferon (IF) titers in hamsters were measured at 8, 24, 48, and 72 hr
postinoculation (Table II). Ten of 48 hamsters given either EEE, VEE or
WEE vaccine plus poly(ICLC), or poly(ICLC) alone, had detectable levels
of IF 8 hr postinoculation, while 45 of these animals had titers ranging

- - -
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from 12-69 IF units by 24 hr postinoculation. It appears that EEE
vaccine alone may induce low levels of IF in hamsters, since 3 of 12
animals had detectable IF titers postinoculation.

TABLE II. SERUM IF TITERS IN HAMSTERS GIVEN VEE, EEE, OR WEE VIRUS
VACCINE ALONE OR COMBINED WITH 200 Ug/kg POLY(ICLC) (N=12)

VACCINEa POLY(ICLC) NO. RESPONDERS/GROUP (GM UNITS IF)b BY HR
(0.3 ml) (200 pg/kg) 8 24 48 72

EEE - 0 (<20) 3 (12) 0 (<20) 0 (<20)
+ 3 (12) 12 (69) 0 (<20) 0 (<20)

VEE - 0 (<20) 0 (<20) 0 (<20) 0 (<20)
+ 3 (12) 12 (45) 0 (<20) 0 (<20)

WEE - 0 (<20) 0 (<20) 0 (<20) 0 (<20)
+ 2 (11) 10 (36) 0 (<20) 0 (<20)

None + 2 (12) 11 (34) 0 (<20) 0 (<20)

a0 .3 ml undiluted

bReciprocal serum IF titers < 20 were assigned a value of 10 for

calculations.

These data suggest that poly(ICLC)-induced endogenous IF may likely
account for the early enhanced nonspecific resistance seen in hamsters
challenged on day 1 and 3 following inoculation with vaccine plus
adjuvant.

Adjuvant studies with tilorone analog 11,567, Bru-Pel, and a lipid
emulsion in mice and monkeys. Tilorone hydrochloride, a low molecular
weight orally and parenterally active interferon inducer in rodents, has

been reported to have antiviral, antitumor, and adjuvant properties (2).
Tilorone analog (11,567) (supplied by Merrell-National Laboratories)
was chosen for investigation for adjuvant activity with inactivated viral
vaccines, since it has been reported to have biological activity similar
to tilorone, but with diminished toxicity. Bru-Pel (3), a nonviable
aqueous ether-extracted preparation of Brucella abortus (kindly supplied
by Dr. J. S. Youngner, School of Medicine, University of Pittsburgh) was
also screened for adjuvant activity. Previous reports have described
its ability to induce interferon in mice and enhance nonspecific
resistance to viral infections (3).

A series of experiments were performed to assess the adjuvant
effects of 11,567 and Bru-Pel in mice given inactivated VEE virus
vaccine. Other adjuvants including poly(ICLC), poly(AULC), Freund's
complete (FCA) and Freund's incomplete (FIA) were included for comparison.
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Results are shown in Table III. Clearly, groups of mice given 11,567

and poly(ICLC) as adjuvants with a marginally antigenic dose of vaccine

had significantly (P < 0.05) higher survival rates compared to the
Freund's adjuvant groups and vaccine controls. Detectable levels of

serum neutralizing (SN) antibody were present only in the 11,567,
poly(ICLC) and poly(AULC) adjuvant-vaccine groups. Antibody responses
and % survivors in groups of mice given Bru-Pel plus vaccine were not
different from vaccine controls.

TABLE III. EFFECT OF 11,567 AND OTHER ADJUVANTS ON ANTIBODY RESPONSE

AND SURVIVAL OF VEE VACCINATED MICE CHALLENGED ON DAY 14
WITH 2,400 MIPLD50 VEE VIRUS

TREATMENT GM SN Ab TITER % SURVIVORS

Adjuvant Vaccine a DOSE/kg Day 14 (n=5) Day 35 (n=20)

11,567 Vaccine 62 mg 5 70**
250 mg 6 63** (n=19)

Saline 250 mg <4 0

Poly(ICLC) Vaccine 62 vig 3 80**

250 jig 8 75**
Saline 250 jg <4 0

Poly(AULC) Vaccine 62 pg 5b  25
250 pg ND ND

Saline 250 pg 4 0

Bru-Pel Vaccine 62 mg <4 20
250 mg <4 5

Saline 250 mg <4 0

FCA (1:1) Vaccine <4 15
Saline <4 0

FIA (1:1) Vaccine <4 5
Saline <4 5

None Vaccine controls <4 0

Saline controls <4 0

aVEE vaccine (0.25 ml, 1:4 dilution)
bND = not done
P < 0.001 vs. vaccine controls

Table TV shows the results of an adjuvant-dose response study with

11,567 In VEE vaccinated mice. Detectable levels of antibody were

present on day 14 postvaccination in all groups given 11,567 plus vaccine.

Percentage survival was significantly enhanced in 6 of 7 groups given

11,567 plus vaccine compared to vaccine controls. The minimum adjuvant
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dose of 11,567 required for significant potentiation of VEE SN antibody
responses in mice, was 125 mg/kg. However, adjuvant doses of the compound
as low as 15 mg/kg were shown to enhance survival significantly in chal-
lenged mice compared to vaccine controls. Survival rates among mice
given either 250 or 500 mg/kg of 11,567 alone without vaccine, were not
different from saline controls. The only signs of toxicity seen in any
of the treatment groups were localized skin reactions at the inoculation
sites in mice given > 250 mg/kg body weight. Studies were also conducted
to determine the effects of adjuvant dose and route of 11,567 administra-
tion on temporal antibody responses and resistance of vaccinated mice to
homologous virus challenge (data not shown). Mice given either 10 or
100 mg/kg of 11,567 SC plus VEE vaccine, were afforded significantly
(P < 0.05) greater resistance to VEE virus challenge on days 3, 7, and 21
postvaccination than vaccinated controls. Antibody responses and percent
survivors were highest in mice given 100 mg/kg of 11,567 plus vaccine.
While the combined SC administration of 11,567 with vaccine was shown to
significantly enhance resistance in mice to VEE virus challenge, no
adjuvant effects were observed when 11,567 was given by the IP route,
separate from vaccine.

TABLE IV. EFFECT OF DOSE OF 11,567 ON ANTIBODY RESPONSE AND SURVIVAL OF
VEE VACCINATED MICE CHALLENGED ON DAY 14 WITH 1,000 MIPLD50
VEE VIRUS

TREATMENT DOSE OF 11,567 GM SN Ab TITER % SURVIVORS
(SC) (mg/kg) DAY 14 DAY 35

Vaccinea 7 6 56
+ 15 6 69*

11,567 31 4 94**
62 7 94**

125 27** i00"*
250 13* 100**
500 3 88**

Vaccine Controls 0 <4 19

11,567 Controls 250 <4 0
500 <4 0

Saline Controls 0 <4 0

aVEE vaccine (0.25 ml: 1:4 dilution)

* P < 0.05; **P < 0.001 vs. vaccine controls.

Di Luzio and Riggi (4) have described the development of a lipid
emulsion for the measurement of reticuloendothelial function. In col-
laboration with CPT Jack A. Reynolds (Work Unit BS03 00 025) a lipid
emulsion (LE) was prepared containing highly refined peanut oil, glycerol
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and lecithin, for testing as a potential adjuvant for use with inactivated
aqueous virus vaccines. We believe this formulation meets most established
criteria for water-in-oil adjuvants.

Because of the earlier reported success in the use of 11,567 as an
adjuvant with VEE vaccine, additional investigations were undertaken to
further assess the adjuvanticity of 11,567 and LE with VEE vaccine in
mice and monkeys. The results of these studies are shown in Tables V
and VI. Mice given a single SC dose of LE adjuvant vaccine were af-
forded 88% protection against VEE virus challenge compared to 38% in
vaccine controls. Survival rates for mice given both 11,567 and LE
with vaccine were not different from those in mice given either 11,567
or LE alone with vaccine. The combined SC administration of either 11,567
or LE with vaccine, effectively enhanced resistance in mice to virus
challenge. No additive adjuvant effect, as evidenced by increased survival
rates, was seen when the 2 substances were given concurrently with vaccine.

TABLE V. EFFECTS OF 11,567 LIPID EMULSION (LE) AND FREUND'S COMPLETE
ADJUVANT (FCA) ON SURVIVAL OF VEE VACCINATED MICE CHALLENGED
ON DAY 21 WITH 425 MIPLD VEE VIRUS

50

TREATMENT (SC) % SURVIVORS
VACCINEa ADJUVANTb DAY 42 (n=16)

VEE LE 88*
11,567 75
11,567 + LE 81*

Saline 11,567 + LE 6

VEE FCA (1:1) 6

VEE None 38

None None 6

aVEE vaccine (0.25 ml; 1:4 dilution).
bLE (0.1 ml; 1:2 dilution); analog 11,567 (100 mg/kg).

* P < 0.05 vs. vaccine controls.

VEE virus SN antibody titers in rhesus monkeys vaccinated on day 0
and boosted on day 28 with 0.5 ml of VEE vaccine alone, or combined with
either 10 or 100 mg/kg of 11,567, or LE are shown in Table VI. Primary
antibody responses in the group of monkeys given the 10 mg/kg dose of
11,567 were 4- to 5-fold higher than titers in vaccine controls. Further-
more, following boosting on day 28, an 8- to 16-fold increase in SN
antibody titers was seen between the low-dose 11,567 adjuvant-vaccine
group and vaccine controls. In contrast, primary antibody responses in
monkeys given LE plus vaccine were not different from vaccine controls.
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However, secondary antibody responses in monkeys given 2 doses of vaccine
combined with LE were 3- to 7-fold higher than titers in controls. Since
antibody titers in monkeys given 10 mg/kg of 11,567 were much higher than
titers in the group given the higher dose, we believe lower adjuvant doses
of the compound may also be effective. Additional studies in monkeys are
warranted to determine the lowest possible adjuvant dose of 11,567 and LE
to minimize potential adverse reactions and to determine the least amount
of antigen compatable with efficient immunization.

Presentations:

Harrington, D. G., D. E. Hilmas, C. L. Crabbs, and T. A. Casciola.
Adjuvant effects of tilorone hydrochloride (analog 11,567) in mice given
inactivated Venezuelan equine encephalomyelitis virus vaccine. Presented,
18th Annual Meeting, Am. Soc. Microbiol., Las Vegas, NE, 14-19 May 1978
(Abstracts, p. 47, 1978).

Publications:

1. Harrington, D. G., D. E. Hilmas, M. R. Elwell, R. E. Whitmire,
and E. L. Stephen. 1977. Intranasal infection of monkeys with Japanese
encephalitis virus: clinical response and treatment with a nuclease-
resistant derivative of poly(I).poly(C). Am. J. Trop. Med. Hyg. 26:
1191-1198.

2. Brown, J. R., E. A. Tyeryar, D. G. Harrington, and D. E. Hilmas.
1978. Femoral venipuncture for repeated blood sampling in miniature
swine. Lab. Anim. Sci. 28:339-342.
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lipid emulsion for the measurement of reticuloendothelial function.
J. Reticuloendothel. Soc. 1:136-149.



139

A ... A C ........ R11 05T SUUAA I ~ ~ ... 14fiNOLS. L

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY DA 0G6415 78 10 01 i.

* {f O~t. SAW' IDO WA R AAAAR D IO ${LRI LW HOINWO *0,D$WRNIWS W AL KP ICl . *A A, . ) A

U~CO INATTA N A. OP.UNI78 04 21 D. CHANCE U LAN oh WAVO , ,

'0 . <'FS POGRA. ELLMET -DOECT NR..F. T AA KE N WORK U T U." F)"

62776A 3M162 7 76A841 00 016

7-",-77N STOG 78-7.2.11 3, 6
. . . . .(U) Interaction of viruses with peripheral host leukocytes as

an index of immunity against infections of BW importance

003500 Clinical medicine; 004900 Defense; 010100 Microbiology

76 08 CONT DA { C. In-house

18 A ESOURADS ESTIMAT -t PA PWOESSI1. MA R S AOA I I.*

* 'TT{S,/F5 V.' .E XPIRATION

FC 78 1.0 155.0

.... A.. .... f. CU.. A.T. 79 1.0 33.9

WA-A USA Medical Research Institute of "A Virology Division

Infectious Diseases USA,.lRIID
AAORIAA"Fort Detrick, MD 21701 ADRWESYR Fort Detrick, 11D 217(11

A.kM Levitt, N. H.

...E Barquist, R. F. 'EL....... 301 663-7241

T..E.. 301 663-2833 -- $, R A.CCOUNT ,.

1 -CE -EWA. AC A-SOCtATE IVESIIGATOWW

Foreign intelligence considered 1AME POC:DA

T r.o-ose. F.-1.A$ - , C, .... c.. (U) Military medicine; (U) BW defense; (U) Arboviruses;

(U) Leukocytes, (U) Viral diseases; (U) Human status: (U) Phagocytosis
2)TECRACAC WILECTIACE. At APPROACH. 23 PROGRS- ..... IIP-- CAM --- -jIWA. , ApCIahT - 1b. P-W-A -1f .C -. A .1. S.,-r CI. C -AIAWc

23 (U) Examine the interaction of human peripheral leukocytes with viruses of military
importance with regard to the growth of the virus and its effect on the host cells.
Determine the role of the immune state induced by military vaccines on virus-leukocyte
interaction.
24 (U) Examine in detail the virus adsorption and growth characteristics of each tvpa
of peripheral blood leukocytes from both vaccinated and nonvaccinated individuals.
Measure the effect of these cells on the infectivity of these viruses.
25 (U) 77 10 - 78 09 - Studies conducted by this laboratory to investigate the inter-
action of VEE virus (strain TC-83) with human peripheral blood leukocytes (PBL) have
revealed that the PBL are indeed capable of supporting TC-83 virus growth with the
macrophage being the primary replicative cell for virus growth in vitro. Mo.-onuclear
and macrophage cells from immune donors differ in their reactivity to this virus.
Exposure to TC-83 antigen, even formalin-killed vaccine, apparently conveys to the
vaccinees' macrophages a greater affinity for TC-83 virus growth In vitro. A study
employing human vaccinees revealed that nonimmune donor macrophages convert to an
immune donor macrophage state about 28 days postvaccinatioa. The differences betweon
immune and nonimmune macrophages may reflect a difference in cell surfaces. Supportive
evidence for such surface differences was revealed in preliminary adsorption studies
employing radioatively labeled virus.

Publication: Teratology 16:285-295, 1977.
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BODY OF REPORT

Project No. 3MI62776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 016: Interaction of Viruses vch Peripheral Host

Leukocytes as an Index of Immunity Against

Infections of BW Importance

Background:

Selected viruses differ in their ability to replicate in diverse
types of human leukocytes. Virus replication within cultured human mono-

cytes has been demonstrated for vesicular stomatitis (1), 17D yellow fe-

ver (YF) (2) and measles (3) viruses. Several viruses have been shown to

propagate in human peripheral blood lymphocytes.

With the exception of dengue (DEN) viruses and YF vaccine virus,
little information is available on the interaction of arborviruses and

human peripheral leukocytes. Studies with nearly homogeneous cultures of
each leukocyte type revealed that 17D virus replicated to high titer and

induced interferon in human monocytes. A small amount of virus replica-

tion took place inunstimulated lymphocytes while phytohemagglutinin (PHA)-

stimulated lymphocytes were capable of supporting virus replication. No
virus growth was observed in polymorphonuclear (PMN) cultures.

DEN viruses have been shown to replicate in both monkey and human
peripheral leukocyte cultures. In a recent study (4), it was demonstrated
that DEN-2 virus replicates in B-type cultured human lymphoblastoid cell
lines (HCL), B lymphocytes, and in macrophages, but not in T type HCL, T

lymphocytes and PMN.

Since VEE virus shows a predilection for the reticuloendothelial
system during human infection (5), a study of this virus interaction with
the peripheral blood leukocytes (PBL) was undertaken.

Progress:

Virus-leukocyte interaction. In previous annual reports, we described

the in vitro interaction of VEE virus vaccine strain TC-83 with human pe-
ripheral blood leukocytes (PBL). PBL are capable of supporting TC-83 vi-

rus growth with the macrophage being the primary replicative cell for vi-

rus growth. Evidence was presented which showed differences in the in
vitro interaction of TC-83 virus with PBL from immune and nonimmune indi-
viduals.

Our laboratory has been involved in the evaluation of the inactivated
VEE vaccine (C-84-1, made from TC-83 strain) in regard to its effect on

human PBL. Immunization of humans with C-84-1 induces in PBL an enhanced

avidity for this virus that appears approximately I month later. Results

of this ongoing study are presented in Table I. Cells from nonimmune do-
nors did not support growth of the virus when tested prior to receiving
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TABLE I. VIRUS GROWTH IN PBL FROM INDIVIDUALS IMMUNIZED WITH KILLED VEE
VIRUS VACCINE (C-84-1)

VOLUNTEER NO. VIRUS TITERa (LogloPFU/ml)

DO D28  D1 80  D270

1 0 6 .0a 5.5 4.0
2 0 6.0 6.0 ND

3 0 7.0 NDb ND
7 0 6.0 ND 5.5
9 0 6.0 4.5 ND

10 0 6.0 4.5 ND

a 72-hr virus growth.
b ND = not done.

the vaccine. When cells from these same donors were tested with a simi-
lar virus dose 28 days after vaccination, virus growth was observed in
all cases. It can also be seen that this conversion of the PBL has con-
tinued through the 270-day testing period. It appears that the PBL are
altered sometime after exposure to TC-83 virus antigen. This enhanced
virus-cell interaction, we theorize, may play a role in the removal of
infectious virus from the circulation and subsequent protection of the
host from infection.

VEE virus does not infect macrophages from nonimmune individuals in
vitro when serum is absent from the growth medium. Presently, we are at-
tempting to determine what factor or factors in serum are responsible for
this enhancement of virus susceptibility, and at what stage of infection,
i.e., adsorption, eclipse, etc., it is required.

Experiments were performed to determine if serum per se or serum
from a particular species (human) was required to observe this enhanced
cell susceptibility. It can be seen (Table II) that sera from all 5 ani-

mal species enabled virus to propagate in these nonimmune cells. In con-
trast, the cells inoculated and incubated in medium with human serum al-
bumin were refractory to virus infection. Results of an experiment ti-
trating the concentration of human serum required for enhanced growth are
found in Table III. The enhanced growth effect was not observed when
medium contained < 1% human serum. In a separate experiment, sera shown
in Table II heated at 56°C for I hr, demonstrated no significant decrease
in enhancement activity. Apparently, the factor or factors in serum which
aid growth of TC-83 virus in macrophages is heat-stable and not species-
specific.
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TABLE II. EFFECT OF VARIOUS SERA ON GROWTH OF TC-83 VIRUS IN NONIMMUNE
MACROPHAGES

MEDIUM SUPPLEMENT VIRUS GROWTH (PFU/ml) x 103

Day 0 Day 3

Human serum albumin 0.3 0.46
Fetal calf serum 0.06 2000
Human serum 4.5 10,000
Guinea pig serum 0.5 10
Rabbit serum 0.45 6000
Mouse serum 0.50 1000

TABLE III. TITRATION OF SERUM REQUIRED FOR GROWTH OF TC-83 VIRUS IN
NONIMMUNE MACROPHAGES

% HUMAN SERUM IN MEDIUM VIRUS GROWTH (PFU/ml) x 103

Day 0 Day 3

0 (HSA) 0.1 0
0.01 0.03 0.065
0.05 0.025 0.02
0.10 0.03 0.02
1.0 0 400
5.0 0.05 1000
10.0 0.10 300
20.0 0.02 10,000

We are presently investigating complement, more specifically C3, as
a possible factor in this enhancement phenomenon. To better understand
the role of complement, experiments utilizing purified C3 fraction, radio-
active virus, complement-depleted serum and trypsin-treated macrophages
are currently in progress.

Efforts were directed toward demonstrating the possible existence of
cytophilic, VEE virus-specific antibody on the surface of macrophages from
VEE-immune donors. To accomplish this, we attempted to extract immunogl&7)-
ulin from the cell surface. Several procedures were tried, (1) 37°C ex-
traction for 1 hr in HBSS, (2) 56*C extraction, and (3) low pH. On occa-
sion only the 37°C extraction appeared to yield sufficient quantities of
immunoglobulin detectable in the highly sensitive protein A precipitation
test. Wash material taken prior to the extraction showed no protein A



143

activity, thus eliminating humoral antibody as a source of contaminating
activity. When extracted material was incubated with labeled VEE virus,
90% of the counts were precipitated in the protein A test. This indi-
cated the presence of specific VEE immunoglobulin in the extracted cell
material which may provide the enhanced virus avidity observed in the
PBL cultures from immune donors. Presently, we are endeavoring to (a)
improve the extraction procedure, (b) identify the class of cytophilic
antibody involved, and (c) determine the role of cytophilic antibody in
immunity to, and pathogenesis of, VEE virus infection.

Collaborative Study. Our laboratory has been involved in a collab-
orative study with National Institutes of Health (NIH) for the past sev-
eral years for the purpose of examining the teratogenicity of selected
arboviruses. Virus isolations and serology were performed by our labora-
tory on specimens sent from NIH. Preliminary results indicate that VEE,
DEN-2, WEE and YF vaccine viruses are teratogenic for rhesus monkeys.
The first of a series of papers was published in 1977.

Publication:

London, W. T., N. H. Levitt, S. G. Kent, V. C. Wong, and J. L. Sever.
1977. Congenital cerebral and ocular malformations induced in rhesus mon-
keys in Venezuelan equine encephalitis virus. Teratology 16:285-296.
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23 (U) Continue attempts to develop vaccines against Bolivian hemorrhagic fever (BHF)

and Argentine hemorrhagic fever (AHF). Investigate cross-protection between the 2

diseases. Determine if a vaccine against one will protect against both. Both viruses

produce illnesses of high morbidity and mortality. Both are related to highly fatal

Lassa fever of Africa. Vaccines and methods of treatment are essential for these

highly militarily important diseases.

24 (U) Obtain or develop attenuated strains of Machupo (MAC) and/or Junin (JUN) viruses

and determine ability of immunization with one to protect against virulent challenge of

the other in monkeys and guinea pigs.

25 (U) 77 10 - 78 09 - Experiments were carried out in support of other work units to

study the effect of the drug ribavirin on experimental models for BHF and Lassa fever.

Preliminary evidence was obtained that the virus of AHF, JUN virus, protected monkeys

against experimental lethal challenge with the virus of BHF (MAC). Similar data were

developed in a lethal guinea pig model of BHF. The JUN virus used was clone 3 strain,

an attenuated virus which has been used experimentally in 600 volunteers in Argentina,

as a possible AHF vaccine.

Publications: Ebola Virus Hemorrhagic Fever, pp. 237-243, 1978.

J. Gen. Virol. 41:183-188, 1978.

Am. J. Trop. Med. Hyg. 27: in press, 1978.
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BODY OF REPORT

Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 017: South American Hemorrhagic Fevers:
Pathogenesis and Vaccine Development

Background:

Earlier research on Bolivian hemorrhagic fever (BHF) reported under
this work unit has described the development of a primate model; the
demonstration of passive prophylaxis by serum antibody: the demonstration
of a therapeutic effect of passive serum antibody; the partial attenuation
of the etiologic virus (Machupo) of BUF by chick embryo cell culture
passage; development of an experimental inactivated vaccine; and the role
of cross-protection against experimental BHF in monkeys by other members of
the Tacaribe virus complex. We have defined both a primate model in the
form of a rhesus monkey and other monkey models and a predictable
hemorrhagic guinea pig model for BHF.

A major effort of our research during this past year has been
concentrated on 2 specific aspects; one, the use of the drug ribavirin in
the therapy of the disease (see Work Unit A841 00 026 of MAJ Stephen) will
not be reported here in detail; and two, exploration of the relative ability
of Junin virus, particularly the attenuated clone 3 variant to protect
against BHF.

Progress:

The support provided to MAJ Stephen under Work Unit A841 00 026 may be
summarized briefly. The lethal rhesus monkey model which profices a
predictable lethal model of BHF was used to assess the efficacy of ribavirin
given either at the time of infection with Machupo (MAC) virus or at the
time of onset of clinical signs. In general, the results of those studies
were very favorable and strongly supported the hypothesis that ribavirin is
effective against BHF.

Cross-protection against BHF by Junin virus. During the period from
1969 to 1971 a group headed by Parodi in Argentina used attenuated variant

of Junin (JUN) virus, clone 3, to immunize approximately 600 persons against
Argentine hemorrhagic fever (AHF). The results of that study were
reasonably well documented and showed that the virus was relatively safe
and apparently effacious. The vaccine recipients developed antibody and
although there was some mild illness there were no severe reactions to
immunization with the clone 3 virus. However, because of its obscure
passage history and because the vaccine itself was an attenuated agent grown
in mouse brain there was considerable sentiment in Argentina that further
use of this product should be discontinued. Since 1971 there have been no
immunizations with clone 3 virus. Recently, however, the interest in this
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attenuated virus has surfaced once again because of the obvious need for
a vaccine against AHF. Because of this interest, we undertook certain
studies with clone 3 virus to determine its efficacy against BHF.

Two studies are reported here; one was carried out inl guinea pigs
and the second, in rhesus monkeys. In both instances the animals were
immunized with the clone 3 variant of JUN virus. The results in
Table I show the anomalous results for guinea pigs immunized with
either attenuated MAC or attenuated JUN, clone 3. Guinea pigs were
challenged with either low-passage MAC virus (Parent) or a guinea pig
variant substrain (M-SP5) of that same virus which had been adapted
to guinea pig spleen through 5 successive spleen-to-spleen passages.
The results show that both the attenuated MAC and JUN viruses protected
relatively well against the low-passage MAC. Curiously, however, it
appears that the clone 3 of JUN protected better against the highly
guinea pig lethal, spleen-passaged variant of MAC virus than did the
attenuated MAC virus itself. We are at a loss to explain these results
but they will be repeated in future experiments and reported in
subsequent annual reports.

TABLE I. IMMUNIZATION OF GUINEA PIGS AGAINST MACHUPO VIRUS BY
ATTENUATED MACHUPO OR ATTENUATED JUNIN VIRUS

IMMUNIZING CHALLENGEc
VIRUS VIRUS TOTAL ILL DEAD

AT 42 DAYS

None Parent 5 4 3

M-Sp5 6 6 6

MAC, C-35a Parent 5 1 0

M-Sp5 6 4 4

JUN, Clone 3b Parent 6 0 0

M-Sp5 6 4 0

a Attenuated by 35 chick embryo cell culture passages of Parent.

b Attenuated by mouse brain passage of the XJ strain: % 2.5 lOg 1 0 of

inoculum used to immunize.

Parent = ist cell culture passage of Malale strain MAC virus.

M-Sp5 =5th guinea pig spleen passage of Parent.
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In addition to the studies in guinea pigs we have also assessed the
ability of clone 3 to protect rhesus monkeys (n = 8) against lethal MAC
challenge. Following inoculation of 5-6 logs of the virus, 6 of 8 monkeys
developed fever of one day duration; all developed transitory leukopenia;
and there were no serious effects or reactions. There was one death,
but it was due to causes unrelated to the inoculation of the JUN. The 7
surviving monkeys all developed specific neutralizing antibody at titers
>1:256 against the immunizing virus. These same monkeys also developed
antibody titers against other strains of JUN.

Three of the monkeys from that group of 8 were challenged with MAC
u3 mon after immunization with JUN. The antibody titers to JUN virus were
"i:1000 at the time of challenge and changed very little during the subsequent
2 mon. The monkeys were also tested for the presence of specific neutralizing
antibody against MAC virus at the time of challenge. One of the monkeys
showed a titer of 1:8 and the other 2 monkeys were negative for MAC
virus. Following challenge none of the monkeys became ill nor showed
significant clinical signs of illness. There was a brief period during
which one of the monkeys showed a possibly diminished appepite but otherwise
there were no signs of disease typical of those seen in unprotected monkeys
challenged with MAC. It is probably quite significant that all of the
monkeys had specific neutralizing antibody against MAC by day 7, 2 of them
developed antibody by day 4 and the antibody titers in all the monkeys rose
to high levels by day 21. Our previous studies have shown that normal
control rhesus monkeys do not develop specific neutralizing antibody against
MAC until day 28, if they live that long. The results of the study clearly
show the monkeys were strongly immune to MAC virus 3 mon after JUN
immunization. Subsequent groups of similarly immunized monkeys will be
reported upon in succeeding annual reports. The possibility that both BHF
and AHF can be immunized against with a single attenuated vaccine is highly
encouraging. It is our intent to pursue this possibility further and to
assist Argentine investigators in the development of AHF vaccine.

Presentations:

1. Eddy, G. A. Alterations in Machupo virus resulting from selective
passages. Presented, Annual Meeting Am. Soc. Trop. Med. Hyg., Denver, CO,
8-11 Nov 77.

2. Eddy, G. A. and F. E. Cole, Jr. The development of a vaccine
against African hemorrhagic fever. Presented, Proceedings of an
International Colloquium on Ebola Virus Infection and Other Haemorrhagic
Fevers, Antwerp, Belgium, 6-8 Dec 77.

Publications:

1. Gangemi, J. D., R. R. Rosato, E. V. Connell, E. M. Johnson, and
G. A. Eddy. 1978. Structural polypeptides of Machupo virus. J. Gen.
Virol. 41:183-188.
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2. Eddy, G. A., and F. E. Cole, Jr. 1978. The development of a
vaccine against African hemorrhagic fever, pp. 237-242. In Ebola
Virus Haemorrhagic Fever (S. R. Pattyn, ed.). Elsevier/No-rth Holland
Biomedical Press, New York.

3. Scott, S. K., R. L. Hickman, C. M. Lang, G. A. Eddy, D. E.
Hilmas, and R. 0. Spertzel. 1978. Studies on the coagulation system
and blood pressure during experimental Bolivian hemorrhagic fever in
rhesus monkeys. Am. J. Trop. Med. Hyg. 27: in press.
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23 (U) Study production and purification and characterize microbial toxins. Use the

purified toxins to produce toxoids which can then be tested for safety and efficacy

as new immunizing agents. This work unit is an essential element in a comprehensive
program for medical defense against BW agents because it is aimed at developing and

testing new toxoids for use in military forces.
24 (U) Purify neurotoxins of Clostridiun botulinum types A-G. Use puritied to\oiCs
to develop a polyvalent toxoid. Prepare immune globulin (human) for treatment of
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25 (U) 77 10 - 78 09 - Milligram amounts of C. botulinum neurotoxin type A have been

produced and toxoided. When adsorbed to aluminum hydroxide, a satisfactory irimuno en
for development of antibodies was produced. Fifty liters of PltujLsm Imiun t ir',

(Human) were collected and an AIDRB submission was prepared. Fermentor kinetics of
the release of type A toxin have been investigated.
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Project No. 3MI62776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 020: Microbial Toxins and Their Role in the
Pathogenesis of Disease

Background:

Bacterial products play a major role in the production of disease.
It has been long recognized that the toxin of Corynebacterium diphtheriae
produces all the symptoms of the clinical disease, diphtheria, and that
antibody to the toxin completely prevents the illness, even in the presence
of the organism. Other toxins, such as the enterotoxins of Staphylococcus
aureus and the neurotoxins of Clostridium botulinum, are taken into the
host preformed. During the past year all efforts have been extended in
the area of C. botulinum toxins.

A polyvalent toxoid was prepared in 1958 by Parke, Davis, and Co.
under contract to Fort Detrick. This toxoid contains 5 antigens to types
A-F neurotoxins. At the time of its preparation full knowledge of the
nurotoxin was not available; the preparation contains < 10% of the
desired immunogen. Mild side reactions including tenderness, redness,
heat, and swelling at the site of the injection are common. The basic
course to produce satisfactory antibody levels requires 4 injections over
a ptriod of 1 year. In addition little scientific investigation has
been a,'hieved to improve the production and purif cation of adequate
amounts of pure neurotoxins to prepare a new toxoid.

MIez;urement of antibodies following immunization is accomplished by
Mouse neutralization test. This test has the inherent problems of an
animal assay system and in addition requires large numbers of animals.

Treatment of C. botulinum intoxication consists of complete
respiratory support and neutralization of circulating toxin. The anti-
serum currently in use for neutralization of toxin is of equine origin
aznd has a high reaction rate due to widespread human sensitivity to horse
protteins. (The only U.S. commercial source of equine antiserum notified
Center for Disease Control (CDC) in July 1978 that they would no longer
provide this product.) Although a human antiserum for the treatment of
bhtulism has been proposed for many years, no real effort has been
expt.nded to develop such a product.

Pr 'gress:

Sh,,tul-inum strains producing types A-G were obtained from CDC and
AT(C. These strains have been assayed in static culture and are producing
lower amoi nt of neurotoxin than originally described.
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Small lots (10-20 mg) of C. botulinum type A neurotoxin have been
prepared by column chromatography. The neurotoxin is completely nicked
and displays 2 subunits on SDS gels with reduction. The MW of the sub-
units are 1 100,000 and 50,000. The purified neurotoxin was treated for
35 days with 0.6% formaldehyde to achieve toxoiding. The toxoid was
adsorbed to Al (OH) gel and was antigenic in rabbits. On Ouchterlony
gel diffusion, the oxoid produced 3 lines to crude culture supernatants
while the purified neurotoxin produced only a single line indicating a
high degree of purity of the neurotoxin.

The national supply of botulism antitoxin is finite, of questionable
quality and efficacy, was produced in horses, and will need to be
replenished in the near future. A safe, human-derived botulism antitoxin
is highly desirable for potential use in individuals exposed to one or
more of the botulinal neurotoxins. The mouse serum neutralization test,
used for determination of botulinal neurotoxin titers in human sera, was
established at USAMRIID in March of this year. Potential donors of
botulism immune plasma were recruited and screened. Those selected are
being plasmapheresed at Walter Reed Army Medical Center. As of 30 July
1978, 10 civilian donors have contributed a combined total of 54 L (174
units, average 305 ml/unit) of Botulism Immune Plasma (Human). The
current goal is 60 L, 50 of which will be converted into a Botulism
Immune Globulin (Human), pentavalent product. Ten liters of hyperimmune
serum will be maintained at USAI4RIID for immediate emergency utilization,
if needed. Each plasma unit collected has been tested for RPR card test
reactivity and hepatitis B surface antigen reactivity by R. I. A. An
application outlining the collection, testing, certification, and proposed
use of Botulism Immune Plasma (Human) and requesting the issuance of an
investigational new drug member has been submitted through U.S. Army
Medical Research and Development Command to the Food and Drug Administra-
tion Bureau of Biologics IND #1332 was assigned to this product. In
July, 1978, a plasmapheresis unit was established at USAMRIID.

Three lots of Botulinum Toxoid Absorbed Pentavalent @,B,C,D,E) were
recently packaged for USAXRIID by the Michigan Department of Public Health.
This toxoid was prepared in 1971 according to the original 1958 protocol.
We have requested the CDC, Atlanta, GA to submit data on the 3 lots of
toxoid to the Bureau of Biologics as an addendum to BB-IND 161, which is
held by CDC.

The production of toxin by C. botulinum type A grown in a 50-L fer-
menter under various conditions was examined (Table I). Maximum levels of
toxins were produced within 30 hr, in all cases. In contrast, incubation
times of 4-5 days are employed for toxin production by static cultures of
this organism.

Under fermentation conditions 1 and 2 (Table I), the maximum concen-
tration of toxin was reached only after cell lysis had occurred. However,
using condition 4, the maximum toxin level was reached before the culture
had lysed significantly. The level of toxin did not increase with cell
lysis, and remained constant during 126 hr of incubation (condition 4).
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When the concentration of glucose in the medium was increased to 1.0%

(condition 3), toxin concentration reached its maximum in 18 hr. The

culture did not lyse significantly under these conditions. In contrast

to previously published reports, these data (conditions 3 and 4) indicate

that lysis of C. botulinum is not essential for the release of toxin.

TABLE I. TOXIN PRODUCTION BY CLOSTRIDIUM BOTUU NUM TYPE Aa

AS MEASURED IP IN MJI CE

LD 50/ml (x 103) AT 4 LEVELS OF GLUCOSE

HOURS 0.5%b  .5%c  1.07c  0.5% d

0 4.2 0.63 6.3 6.3

6 6.3 6.30 42.0 63.0

12 63.0 420.00 200.0 200.0

18 120.0 420.0 630.0 -

24 200.0 420.0 630.0 630.0

30 420.0 630.0 630.0 630.0

a Medium: 2% peptone, 1% yeast extract, 0.1% thioglycolate, glucose as

indicated.
b[00 rpm agitation, 10 L N2/min sparge.
c50 rpm agitation, 5 L N2/min sparge.

d50 rpm agitation, 5 L N2/min overlay, 0.5% glucose.

The efficacy of homologous and heterologous antitoxin in the pre-
vention of type A botulism was evaluated in guinea pigs. Antitoxins

were administered IM at various time intervals before or after challenge
with type A neurotoxin. Groups of 4-6 guinea pigs were passively immunized
with I of 4 sequential log dilutions of either homologous (guinea pig)
or heterologous (equine) type A antitoxin. Both antitoxins were adjusted
to ,ontain 1.6 TU of activity in 0.5 ml of their lowest dilution. Each
An imal was challenged SC with 4.5 guinea pig LD50 of type A neurotoxin.
fmmunization with 1.6 U of homologous antitoxin at 2 hr, or at 24 hr
before, or at 2 hr after challenge assured 100% survival. The majority
() of 8) of guinea pigs administered 1.6 U of either antitoxin at 18 hr

,iftc r challenge survived.

Jhose iniea pigs, previously immunized at -24 hr were again
cha Ile'ged, 18 days after the initial challenge. Half of the animals
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received an identical (4.5 LD50 ) second challenge of neurotoxin. The re-
maining half were challenged with a 4-fold greater dose (18 LD5 0) of
neurotoxin. Guinea pigs previously immunized with 1.6 U of homologous
antitoxin survived both levels of challenge. All animals previously
administered 1.6 U of heterologous antitoxin died of acute botulinal
intoxication within 4 days after this 2nd challenge.

Likewise, guinea pigs immunized with 1.6 U of homologous antitoxin
and not previously challenged, were immune to challenge 14 days after
immunization. However, those immunized with 1.6 U of heterologous anti-
toxin, and similarly challenged did not survive the 4th day.

Immunization with only 0.16 U of either antitoxin at 24 hr before
or 18 hr after challenge did not provide adequate protection. All +18hr
recipients died within 5 days of challenge. However, a majority of those
immunized at -24 hr, survived through day 8. Two homologous and I hetero-
logous recipient survived the 10th day.

Thus the following conclusions concerning the efficacy of homologous
and heterologous (equine) antitoxin in the prevention of type A botulism
in guinea pigs may be made: (a) homologous and heterologous antitoxin
are similarly efficacious when administered 2 or 24 hr before, or 2 hr
after, exposure to lethal neurotoxin; (b) the administration of either
antitoxin 24 hr before challenge is efficaciously superior to similar
doses of antitoxin administered 18 hr after challenge; (c) 14 days after
passive immunization, homologous antitoxin is protective and immunologically
active at a concentration that is at least 10-fold greater than that of
leterologous antitoxin. Thus the effective half-life of homologous anti-
toxin is much longer than that of heterologous antitoxin; and (d) passive
immunization with less than optimal protective amounts of antitoxin can
prolong survival time by a factor of at least 2. This additional time
would allow for the implementation of intensive supportive care to human
patients.

Publications:

Lewis, Jr., G. E., and J. F. Metzger. 1978. Botulism Immune Plasma
(Human). Lancet 2:634-635.
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3 Investigate the effects of a protease inhibitor (aprotinin) upon activation of
the kinin system during Salmonella typhimurium infection in monkeys. It is hoped that
this new approach to therapy will prove useful in a wide variety of infections with
hemorrhagic and/or hypotensive complications which are potential causes of military
casualties from either natural or BW disease.
24 (U) Determine pharmacology and appropriate routes of administration of aprotinin to
monkeys, Use aprotinin in monkeys infected with S. typhimurium as prophylaxis against
kinin activation and disseminated intravascular coagulation.
25 (U) 77 10 - 78 09 - Aprotinin was labeled with 125-I and injected into 8 healthy
rhesus monkeys to study plasma turnover. Disappearance of the injected label from

plasma was fit to a triple exponential equation. The 3 half-lives were 4.20, 41.50 min
and 57.09 hrs. Thirteen monkeys injected with 40,000 KIU/kg of aprotinin showed an
average increase of 47.3% in the activated partial thromboplastin time (APTT). This
effect was short-lived and by 1 hr the APTT had returned to normal.

These data indicate that aprotinin has a very short half-life in the plasma of
rhesus monkeys and has to be administered by continuous IV infusion. When circulating
in high levels, aprotinin can inhibit the initial phase of intravascular coagulation.
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Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 025: Effect of Protease Inhibitors Upon Kinin System
Activation During Salmonella typhimurium
Infection in Monkeys

Background:

The infection of rhesus monkeys (Macaca mulatta) with Salmonella
typhimurium results in the clinical syndrome of disseminated intravascular
coagulation (DIC). DIC is characterized by intravascular activation of
Factor XII and consequent activation of the pathways for coagulation,
fibrinolysis and kinin generation (1).

Theoretically, the use of protease inhibitors would block the
sequential activation of the proteolytic enzymes in these pathways. If
this effect is proved to be clinically significant, these agents will be a
novel approach in the therapy of infectious diseases (2, 3). Protease
inhibitors would be adjuvant therapy in the severe bacterial, rickettsial
and viral infections associated with DIC (3).

Aprotinin (Trasylol R ) is a protease inhibitor obtained from bovine
lung. Among others it is a kallikrein, trypsin and plasmin inhibitor.
In vitro, it has been shown to inhibit early reactions of blood coagulation
and to prolong clotting time. In view of these properties, aprotinin has
been proposed as therapy for DIC. However, in vivo studies were contradictory
as to the effect of aprotinin in human coagulation and in clinical trials the
effect of aprotinin was found to be beneficial in uncontrolled studies (4, 5).

Progress:

Initial efforts were directed toward the establishment of laboratory

procedures. To study the potential of aprotinin as therapy in DIC we started
by determining the plasma turnover of it in rhesus monkeys.

Pharmacology of aprotinin. Samples (1 ml) were iodinated by micro-
diffusion. The labeled product maintained the inhibitory properties of stock
material as demonstrated-by successful inhibition of the esterase activity
of kallikrein as measured by the benzoyl arginine ethyl ester and tosyl-L-
argine methyl ester assays.

Eight monkeys were injected (via saphenous vein) with I ml of
[125 1]aprotinin (10,000 KIU/ml) and 40,000 KIU/kg of "cold" aprotinin. Two
min after the end of the injection, blood was sampled from the contralateral
femoral vein- this sample was considered the 0 time sample. Subsequent
samples were obtained at %3, 6, 9, 15, 20, 60, 120, 180 and 270 min and 24,
48 and 72 hr.
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The radioactive content of these plasma samples was measured in

a gamma counter and plotted on a logarithmic scale against time. In

each case, the disappearance curve of the injected label was fit to a

triple exponential equation:

y = Cle- + a2 e- 2 + y3e- 3

Where y represents disintegrations per minute, t represents time,

Xl,2,3 are the time constants and Gl,2,3 the constants of the
exponentials. The equation that best fits the data for each test was

calculated by linear regression analysis.

The calculated half-lifes are represented in Table I. In view of

such short half-lifes it was decided that the only effective route of

administration would be continuous intravenous infusion.

TABLE I. TURNOVERS OF [125 IAPROTININ IN PLASMA OF RHESUS MONKEYS

HALF-LIFE (T-1/2 = in2

MONKEYA

Al (min) A2 (min) A3 (hrs)

1 6.5 60 41

2 6.0 67 68

3 3.2 34 33

4 3.8 36 102

5 5.0 53 68

6 3.2 25 48

7 3.5 34 44

8 2.4 23 52

Mean + SD 4.2 + 1.4 42 + 16 57 + 22

Aprotinin effect in coagulation. Thirteen monkeys were injected

with 40,000 KIU of aprotinin: blood samples were obtained at'U2, 5,

10, 15, 20, 30, 45, 60, and 120 min after injection. The activated

partial thromboplastin time (APTT) peaked at 4.61 + 1.05 min (SE)

after the injection with an increase of 47.30 + 4.95% without any

significant change in the prothrombin time. This effect was short-

lived and by 1 hr APTT values had returned to normal (Table II).

Ii
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TABLE II. EFFECT OF APROTININ IN APTT AFTER IV INJECTION OF 40,000 KIU
OF APROTININ

MEAN + SD

Min after end of %

injection Increase in
APTT

2.3 + 0.6 36.5 + 15.0

6.4 + 1.0 38.9 + 19.6

12.3 + 0.6 31.2 + 18.2

15.8 + 4.0 26.9 + 18.2

26.3 + 1.4 20.3 + 16.3

33.1 + 2.4 15.9 + 16.5

46.6 + 2.2 17.8 + 16.6

61.2 + 4.1 11.0 + 14.1

125.3 + 6.1 9.3 + 23.6

In summary, the data obtained indicate that aprotinin has a very
short half-life in the plasma of rhesus monkeys and when circulating in
high levels it can inhibit the initial phase of DIC.

Effect of aprotinin in DIC. A protocol for the study of aprotinin
in DIC has been established: 6 groups of 4 monkeys each will be studied
(Table III). The following parameters will be determined: (a) general
conditions, i.e., temperature, rash, etc.; (b) bacteremia; (c) plasma
prekallikrein, fibrinogen, fibrin degradation products, plasminogen, APTT
and prothrombin time and (d) hematocrit and WBC and platelet counts. We
have studied 15 monkeys so far, but results are being analyzed.

Comparative study of plasminogen activation. The plasminogen
activator used in routine assays of clinical samples is streptokinase.
However, streptokinase is not an activator of rhesus monkey plasminogen.
In our assays we have used urokinase for that function.
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TABLE III. EXPERIMENT DESIGN - EFFECT OF APROTININ IN DIC INDUCED
IN MONKEYS (4/GROUP) BY S. TYPHIMURIUM INFECTION.

GROUP INFECTION APROTININa
QUANTITY

Saline 0

+

S. typhimurium 10 9/ml
(heat-killed) +

S. typhimurium 10 9/ml
(live) +

a Initial dose: 4 ml/kg (40,000 KIU) and maintenance dose:

15 ml/kg/24 hr (150,000 KIU).

We compared streptokinase and urokinase activation in
different primate species. In human samples 776 U of urokinase or
the standard 2083 U of streptokinase hydrolyze similar amounts of
the substrate Na-CBZ-6-lysine- p-nitrophenyl ester (CLN). Using
these amounts of activators, we testcd plasma from humans and the
following subhuman primates: rhesus (M. mulatta), cynomolgus
(M. fascicularis), bonnet (M. radiata) and African green
(Cercopithecus aethiops) monkeys. Two different substrates were
studied: CLN and H-D-Val-Leu-Lys-pNa.2 HCI (Ortho Chromogenic
Substrate S-2251). The results are shown in Table IV.

Kininogen metabolism. (Collaboration with Drs J. J. Pisano and
J. V. Pierce, National Institutes of Health). The objective of these
studies is to determine whether urinary kininogen has a plasma
(glomerular filtration) or renal (tubular secretion) origin. We
injected radiolabeled 12 5 1-labeled kininogen in monkeys and applied
their plasma and urine samples to Sephadex columns.

The peaks of radioactivity in the urine in no experiment ever
corresponded to the peak in the plasma sample attributable to the
12 5 1-labeled kininogen. If further studies corroborate these
findings, the source of urinary kininogen must be renal secretion.
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important human pathogens of military concern, and the information obtained will be

invaluable in control and treatment of viral diseases in military personnel, empha-
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25 (U) 77 10 - 78 09 - Lysine-stabilized poly(I)-poly(C) [poly(ICLC)] was effective in

delaying the onset of viremia and time to death of Pichinde-infected guinea pigs;

however, percent survival was not increased. Ribavirin significantly increased sur-

vival as well. Ribavirin was evaluated in vitro against Machupo virus and found to

have significant antiviral activity. In addition, Machupo virus-infected rhesus

monkeys were treated successfully with ribavirin, even when therapy was delayed until

after the onset of clinical illness. Ribavirin was also shown to be effective in the

treatment of Rift Valley infection in mice and hamsters.

Publications: Current Chemotherapy, Vol. 1, p. 317-319, 1978;

Fed. Proc. 37:379, 1978;

Abstr., Ann. Mtg. Am. Soc. Microbiol. - 1978 p. 228(2).

In Current Veterinary, Therapy VI, pp. 1345-1348, 1977.

J. Infect. Dis., in press, 1979

Anthropod-Borne Virus Information Exchange 34:179, 1978.

In Respiratory Disease Symposium, pp. 1700-182, 1978.
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Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 026: Effectiveness of Selected Antiviral Compounds
Against Diseases of BW Importance

Background:

Many potentially debilitating viral diseases exist in geographic
locales of military significance for which acceptable vaccines are un-
available, either because the viruses are newly isolated and acceptable
vaccines have thus far not been developed, as in the case of the hemor-
rhagic arenaviruses (1), or because of the existence of several variant
species of one virus, as with dengue (DEN) or sandfly fever (SF) virus
(2). Additionally, as many of these viral pathogens (e.g., SF) cause
only transient illness in the local populace with insignificant mortality,
there has been little concerted effort for development of vaccines for
their control (2.3). Diseases of this nature, however, are of vital
concern to the military, as the potential exists for morbidity rates of
as high as 80% in susceptible troops, thus, neutralizing military
effectiveness.

Antiviral chemotherapy is recognized as an acceptable tool for
control of certain viral diseases which are as yet unmanageable through
routine vaccine application (1). The development of animal models for
the study of human diseases has resulted in many potentially useful tools
for investigating the effectiveness of antiviral chemotherapeutic agents.
Examples of representative virus infections include yellow fever (YF) in
rhesus monkeys (flavivirus infection) (4), VEE in mice and monkeys (alpha-
virus infection) (5), Rift Valley fever (RVF) in mice and monkeys (Bunyam-
wera virus infection) (6), and Machupo (MAC) virus in guinea pigs and
rhesus monkeys (arenavirus infection) (7).

In addition, practical evaluation of potential antiviral agents can
be done in tissue culture using these same viruses. This approach can be
used most effectively to evaluate analogs of a candidate antiviral com-
pound for either increased efficacy or decreased toxicity.

Progress:

As a screening procedure, studies were conducted to evaluate the
antiviral properties of several potential antiviral. compound,,. Butylated
hydroxytoluene (BHT), an antioxidant used in food preservation, was
evaluated against VEE virus infection in mice. BHT was given once daily,
either per os or SC, in dosages ranging from 0-400 mg/kg. The virus ranged
from 10-1000 PFU/mouse. Mice given oral (100, 200 or 400 mg/kg) BHT and
no virus had 11, 22, and 56% mortality, respectively, whereas, mice given
similar doses SC were not affected by drug toxicity. In infected mice
there was no effect of drug treatment on time to death or survival regard-
less of dose or route of administration. Since higher doses of BHT are
not possible because of toxicity, it appears that this compound will not
be useful in the prevention or treatment of VEE virus infection.



167

The antiviral activity of 5 other compounds (actinomycin, rubiflavin,
griseorhodin-A, bostrycoidin, daunorubicin) obtained from the Natural
Substances Branch (National Cancer Institute) was evaluated in vitro
against YF and VEE viruses. Drug concentrations ranging from 0.0008 to
10 ,g/ml were used. No significant activity was noted by the plaque reduc-
tion assay technique with any of the drugs tested. In addition, rubiflavin,
daunorubicin, and bostrycoidin were moderately to severely cvtotoxic to
Vero and LLC-K 2 tissue culture cells.

Ribavirin, rimantadine, and poly(ICLC) were evaluated against a
guinea pig-lethal variant of Pichinde (PIC) virus developed by Dr. Jahrling,
Virology Division. Guinea pigs were infected with 10,000 PFU of PIC virus,
one-half dose IP and one-half dose SC, and then treated by IM injection
for 5 days beginning on day 0, using triacetyl riLavirin (20 mg/kg/dose
b.i.d.), rimantadine hydrochloride (20 mg/kg/dose, b.i.d.), or poly(ICLC)
(1.0 mg/kg/dose, b.i.d.). In rimantadine-treated guinea pigs there was
no effect on the level of viremia or % survival. In poly(ICLC)-treated
guinea pigs there was no change in viremia, and although mean time-to-
death (MTD) was extended, there was no change in survival rate. Ribavirin
triacetate, however, delayed onset of viremia, reduced peak viremia, and
increased survival.

Based on the results of the PIC virus study, the antiviral effect of
ribavirin was evaluated against MAC virus, the causative agent of Bolivian
hemorrhagic fever and another arenavirus. Ribavirin at levels of 10, 25,
and 60 .g/ml was evaluated in vitro in MAC virus-infected Vero cells.
Ribavirin treatment reduced the yield of virus as much as 5 logs at the
highest drug concentration.

Ribavirin and its triacetyl analog were then evaluated against MAC
virus in vivo. Guinea pigs were infected with - 1000 PFU of MAC virus
and then treated with ribavirin or triacetyl ribavirin, 25 mg/kg b.i.d.,
for 10 days. Percent survival was significantly increased (P < 0.001)
in both the ribavirin (87.5% survival) and triacetyl ribavirin-treated
groups (78.7% survival) when compared to the virus control group

(0 survival).

Ribavirin was further evaluated in MAC virus-infected rhesus monkeys.
Three groups of monkeys, 4/group, were infected SC with 32,000 PFU of MAC
virus. Group I was a virus control group and received virus plus saline.
Group II received virus plus ribavirin, 10 mg/kg, t.i.d. IM. Treatment
began on day 0 and was repeated daily for a total of 17 days. Group III
received virus plus ribavirin treatment, 20 mg/kg, t.i.d. on the same
schedule of treatment as group II. Viremia titers were significantly
reduced (P < 0.001) in both the 10 and 20 mg/kg-treated groups (Table I).
Additionally, the viremia titer for the 20 mg/kg-treated group was
significantly less (P < 0.001) than that of the 10 mg/kg-treated group,
indicating that ribavirin produced a direct, dose-related effect. MTD
and % survival were increased in the treated groups (Table I).
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The effect of ribavirin treatment begun after onset of clinical
signs was evaluated. Baseline temperatures were taken for 8 rhesus
monkeys and the results averaged for each monkey. They were inoculated
with MAC v~rus; temperatures were taken daily thereafter. Treatment for
each monkey was begun after its temperature exceeded its baseline mean
daily value by more than 2 SD. Treatment was begun as early as 4 days
postinfection in some animals, and as late as 7 days in others. All
treated animals cleared their viremia by day 10, while controls had a
steadily increasing viremia up to 104.2 PFU/ml (Table II). Shortly
after reaching peak viremia, all controls died, with a MTD of 22.7 days.
The treated group had a MTD of 37.0 days, with a survival rate of 50%
(2/4). Deaths in the treated monkeys were characterized by chronic,
progressive loss of neuromuscular function. This can perhaps be ex-
plained by the fact that the virus strain used was previously passed
21 times in suckling hamster brain, and may have developed a high degree
of neurotropism, which presents clinically only in those monkeys which
have survived the initial acute hemorrhagic phase of the disease. The
neurological syndrome has not been reported as a prominent feature in
the naturally-acquired form of the disease in man.

To determine the effects of parenterally administered ribavirin on
clinical pathological values, 8 rhesus monkeys were given ribavirin IM
(20 mg/kg b.i.d.) for 17 days. The monkeys were bled twice weekly for
6 weeks. Blood samples were monitored for changes in hematocrit, WBC,
platelet and RBC count and differential. Serum samples were evaluated
for changes in globulin, albumin, SGOT, glucose, Ca, creatinine phospho-
kinase, cholesterol, total protein, creatine, BUN, SGPT, phosphate, LDH,
Cl, K, total bilirubin, Na, and alkaline phosphatase. Ribavirin signifi-
cantly decreased hematocrit and increased the platelet count (P < .001).
These 2 parameters quickly returned to baseline values after ribavirin
treatment was stopped. There was no significant change observed in any
of the other hematological or serum chemistry determinations.

The antiviral activity of ribavirin was also evaluated against YF
viru3 in rhesus monkeys. Previous in vitro work had shown good antiviral
activity against YF virus grown on LLC-MK cells with a plaque reduction
of 50% at a concentration as low as 10 pg~ml. YF-infected monkeys were
given a loading dose of ribavirin (50 mg/kg) either 16 or 72 hr after
virus inoculation followed by 5 mg/kg t.i.d. for 10 days. Viremia titers,
MTD, and % survival were similar in all groups regardless of treatment.
Asibi strain YF virus concentration peaks in the liver and blood well
before onset of clinical signs of illness; therefore, it is doubtful that
this disease could ever be treated on a realistic basis in monkeys. Sur-
vival of 2 of 4 infected rhesus monkeys was observed when treatment was
initiated 8 hr postinfection.

In vitro studies of ribavirin against RVF virus indicated marginal,
if any, activity by the plaque reduction assay. In vivo ribavirin was
evaluated against RVF, Zagazig 501, in golden Syrian hamsters and
C57/B16 mice. Treatment was initiated the day of virus inoculation and
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continued for 10 successive days. Hamsters received 20 mg/kg ribavirin
b.i.d. and mice received 25 mg/kg t.i.d.. In the RVF-infected hamsters,
ribavirin treatment delayed MTD from 2.9 to 14.5 days, and increased
survival from 0 to 80%. All animals in the virus-control group became
viremic with a mean peak viremia of 3.96 log1 ? PFU/ml. Only I of 5 in
the treated group was viremic, with a titer or 3.70 log PFU/ml.

10Ribavirin treatment delayed MTD from 4.4 to 10.5 days, and increased
survival from 4 to 92% in mice.

In order to develop a stock of SF virus for eventual testing of
ribavirin, 2 stock pools (A-SF-WR-Sicilian: 1st FD SMO Pass., 10% HBSS-HE,
0.25% HSA, 16 May 1972 B-SF-BHK-21 S/i, 50% Stab. Med., 19 Mar 1972) of
virus were inoculated in suckling hamster brains. Infected brains were
harvested on days 10 and 11, centrifuged, stabilized in 50% fetal calf
serum, and titered on SW-13 tissue culture cells. Virus titers of the
pools ranged from 3.0 to 5.0 log 19 PFU/ml. These pools will be used to
evaluate the antiviral activity or ribavirin against SF virus both
in vitro and in vivo.

Presentations:

1. Kuehne, R. W., W. L. Pannier, R. R. Rosato, and E. L. Stephen.
Treatment of Tacaribe virus infection of mice using various antiviral

compounds. Presented,Annual Meeting, Am. Soc. Microbiol., Las Vegas,
NV, 14-19 May 1978 (Abstr. Annual Meeting - 1978, p. 228).

2. Jones, D. E., E. L. Stephen, and P. B. Jahrling. Evaluation
of the antiviral activity of triacetyl ribavirin, rimantadine, and poly
(ICLC) in a model arenavirus infection. Presented, Annual Meeting,
Soc. Microbiol., Las Vegas, NV, 14-19 May 1978 (Abs. Annual Meeting -

1978, p. 228).

3. Stephen, E. L., G. H. Scott, and R. F. Berendt. Experimental
infection of mice and squirrel monkeys using swine influenza virus:
effect of amantadine, rimantadine, and ribavirin. Presented, Annual
Meeting, FASEB, Atlantic City, NJ, 9-14 Apr 1978 (Fed. Proc. 37:379, 1978).

4. Stephen, E. L., and R. F. Berendt. Aercsol therapy for bacterial
lung disease. Presented, Scientific Seminar, American College of
Veterinary Internal Medicine, Dallas, TX, 16 Jul 1978 (Proceedings,
Respiratory Disease Symposium, p. 170-182).

5. Stephen, E. L. Antiviral chemotherapy: rational approach for
development of drugs for use in man. Presented, Lecture, University
of Alabama Medical Center, Birmingham, AL, 17 Jul 1978.
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Publications:

Hilmas, D. E., E. L. Stephen, R. 0. Spertze], H. B. Levy. 1978. Use
of poly(ICLC) for the prophylaxis and treatment of Venezuelan equine
encephalomyelitis virus infection in nonhuman primates, pp. 317-319. In
Current Chemotherapy, Vol. 1 (W. Siegenthaler and R. Lthy, eds.). American
Society for Microbiology, Washington,, DC.
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Project No. 3M162776A841: Medical Defense Against Biological Agents (U)

Work Unit No. A841 00 027: Arenavirus-Rodent Models for Use in Cross-
Protection, Antiviral Chemotherapy and Vaccine
Studies

Background:

The arenaviruses, Lassa, Junin and Machupo are highly pathogenic for
humans thereby requiring P-4 containment. They are endemic in specific
areas of the world where military personnel are or may be deployed, and are
therefore of military importance in order to develop means of protecting
personnel. Fortunately, other arenaviruses are either not known to infect
humans or to produce only subclinical infections demonstrated by sero-
conversion. When this work unit was initiated, lethal, adult-rodent models
did not exist for those arenaviruses not known to infect humans. We
therefore attempted to develop an adult, small rodent model of lethal
infection for Tacaribe virus for use in cross-protection, antiviral
chemotherapy, immunopathologic, and vaccine studies.

Progress:

Development of the Tacaribe (TCR) virus animal model was described
previously (1, 2) as were initial studies concerned with cross-protection
by live viruses, protection with inactivated viruses and studies on the
immunopathologic nature of the TCR virus infection. Studies involved
with developing the model, have been published (3). Only additional data
will be presented.

Protection by inactivated viruses. A protection study using formalin-
inactivated TCR virus has been completed. Basically a 60% suckling mouse
brain (SMB) preparation containing 3.7 x 107 PFU/ml and a 60% suspension
of normal mouse brain were used to treat 21-23-day-old mice. Freund's
complete adjuvant and the immuno-suppressant Cytoxan were used to enhance
or suppress the hosts response. Single and 2-dose treatment schedules (14-
day interval) were used and IC challenge was 21 days after the last day
of treatment. Both schedules included immunization with live virus as a
control. The data indicate that for the single dose schedule: (a) lethal
challenge is effective (61% mortality at 42 days); (b) live Tacaribe virus
is protective (85% survival P <0.005, Chi-square); (c) cytoxan is
ineffective in modifying the response of the killed vaccine; and (d)
killed vaccine offers no greater protection than normal mouse brain (NMB)
when used in a single dose schedule. Considering only the 2-dose schedule:
(a) it is apparent that IC challenge is lethal (no survivors in untreated
controls); (b) live virus is completely effective (no deaths, P <0.005);
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(c) NMB + FCA controls negative (no survival); (d) NMB control

negative (20% survivors); (e) killed vaccine effective (60%
survival, P <0.005); and (f) killed vaccine plus FCA had an
increased effectiveness (80% survival, P <0.005).

There is a problem in assessing the results due to a number of
deaths caused by the immunizing (large volumes required) and
challenge (anaphylatic) doses. We can reduce the size of the
immunizing doses by additional concentration procedures. The reaction
caused by the challenge dose has never occurred before and may be due
to the serum used as a virus stabilizer. Use of normal mouse serum
as the stabilizer will alleviate this. To wit, we prepared 3 vaccine
lots of 100-300 ml each of 106-107 PFU/ml. Each has been concentrated
on sucrose:renographin discontinuous gradients and purified on linear,
rate-zonal renographin gradients. Final PFU determinations on the
purified virus indicate a possible loss of infectivity during
purification. However, total particle counts as determined by
electron microscopy are to be the final basis for determining
immunization protocols. Since TCR virus is a rather labile virus, a
loss in total PFU was anticipated. We expect that the total particle
concentration has remained constant. It is anticipated that the
testing of these killed TCR virus vaccine preparations will be the
final area of investigation of this work unit.

Protection by live viruses. Results of cross-protection
immunization studies have generally been disappointing (1, 2). It
was therefore suggested that such studies with live viruses be
attempted in which both the immunizing and challenge doses be
inoculated into the brain. Female mice (Flow, ICR, 6-weeks old)
were immunized according to the following schedule. Mice received
0.03 ml of virus (TCR or Tamiami, TAM) at 10,000 SMICLD50 , Parana
(PAR or Pichinde, PIC) at 100,000 SMICLD5 0 ) or diluent by the IC
route at 14-day intervals. Mice (18 from the respective virus group
and 10 from the diluent control group) were removed from each group
prior to administration of the 2nd and 3rd immunizations to determine:
(a) antibody level as a result of the immunizing dose (3 mice), (b)
histological examination for virus-produced lesions (3 mice), and
(c) lethal IC challenge (15 immunized, 10 controls). Challenge was
with %300 SMICLD5 0 of TCR virus, population #74-5 given IC as a 0.03-
ml dose 21 days after the last immunization, i.e., for the 1-dose
schedule challenge was at day 21, 2-dose, challenge was at day 36,
and for 3-dose, challenge at day 49. All mice were observed for 21
days, deaths recorded, and percent protection calculated by the
Fisher's exact test. Results are given in Table 1. As expected, any
dose schedule of live TCR virus affords total protection to challenge.
PAR virus affords good protection with a single dose which decreased
as the number of doses increased. The results with TAM and PIC viruses
were inconclusive. Antibody levels have not been determined to date
nor have the results of the histological examination been received.
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TABLE I. IC CROSS PROTECTION STUDIES IN MICE

VIRUS GROUP DOSES DEAD/TOTAL P

TCR Immunized 1 0/15 < 0.001
Control 1 10/10

Immunized 2 0/15 < 0.001
Control 2 6/10

Immunized 3 1/14 < 0.001
Control 3 5/ 9

TAM Immunized 1 3/ 9 < 0.02
Control 1 9/10

Immunized 2 9/15 0.12
Control 2 9/10

Immunized 3 3/15 < 0.05
Control 3 7/12

PAR Immunized 1 5/15 < 0.001
Control 1 10/10

Immunized 2 2/13 < 0.001
Control 2 9/10

Immunized 3 2/15 < 0.05
Control 3 8/10

PIC Immunized 1 10/15 0.20
Control 1 9/10

Immunized 2 9/15 0.27
Control 2 8/10

Immunized 3 5/15 0.08
Control 3 7/10

'Fisher's exact one-tailed.
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Nude mouse study. Initial studies on nude mice (2) challenged
with lethal TCR virus indicated no deaths or lesions attributable
to challenge, suggesting the involvement of T cells in the
immunopathology observed in normal mice. The current availability
of homozygous nude mice (nu/nu) and heterzygous (nu/+) litter
mates made possible a study to determine:

(a) the possible protective effect of the passive administration of
high-titered TCR virus antibody for nu/+ mice, and (b) the possible
potential of lethality of immunopathology in nu/nu mice by the same
high-titered homologous antibodies. All nu/nu and nu/+ mice (24/
group) received 0.03 ml of lethal TCR virus (%300 SMICLD50 , IC) at
day 0. Five days later nu/nu and nu/+ mice were divided into 4
groups of 6 mice each. Group 1 received 0.3 ml and Group 2, 1.0 ml
IP of normal mouse serum. Group 3 and 4 received 0.3 and 1.0 ml of
TCR virus antibody that titered 1:640 by an 80% PRN test. Results
indicate (a) all nu/nu mice survived challenge in all 4 groups, and
pathological lesions were totally absent indicating that antibody
and probably B cells do not play a role in the lesions observed in
normal mice. All nu/+ mice died (exception, 2 survived at normal
serum, 0.3-ml dose) indicating that the passive administration of
high-titered homologeous antibody neither protected nor altered the
lesions observed at the time intervals and dosages used.

This work unit was officially terminated in May 1978 when the
principal investigator wes assigned another work unit (A841 00 063)
of higher priority. All studies with Tacaribe virus were stopped
in January 1978 with the exception of plans to test the efficacy of
a killed homologous vaccine. The data on protection and cross-pro-
tection with live arenaviruses and nude mouse studies will be
assembled for possible publication. Cooperative antiviral chemo-
therapy studies are reported under work unit A841 00 027.

Presentations:

1. Rosato, R. R. and A. V. Vorndam. Proposed nomenclature for
structural proteins of Bunyaviridae. Presented, Subcommittee on
Applied Molecular Virology Meeting, Las Vegas, NV, 14-18 May 1978.

Publication:

1. Rosato, R. R. M. R. Elwell, and G. A. Eddy. 1978. Virulence
alternations of Tacaribe virus infection in adult mice: lethal model
for encephalitis.

2. Gangemi, J. D., R. R. Rosato, E. V. Connel, C. M. Johnson,
and G. A. Eddy. 1978. Structural Polypeptides of Machupo Virus. J.
Gen. Virol. in Press. 1978.
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